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Original Communications 


TRAUJIATIC PIORFORATIOX OF TIlF (Y)LON A8 SFFX IX A 

r.'EXERAL JIORPITAE 


I^Ia.ior Bkxti.kv P. C’oi.cock, I^Ii:i)irAr. (Jorti’S. I'. S. Army 

T he mortalily vato i’ollowiuji tvainualk* jicrfovalioii o£ llic colon in 
World AYar II Ims drojipcd lo iJic nciirliborliood of 33 per cent. This 
repi'csenls a marked improveihont over the )novlali1.v ti^nres for World 
AVar I, wliich, in lliis type of palicnl, ranjicd from ilO lo To per cent, 
and i.s largely due to the early replacement of blood loss by plasma, and 
particularly wliole blood, tlte intrapcriloneal use of the sulfonamides, 
and the excellent surgery being done by the AvelJ-trained abdominal sur- 
geons in our forwai'd field and evacuation hospitals. 

That an uncomfortably liigh morbidity still exist.s in Ibis group of 
cases is not generally appreciated except by those surgeons working in 
the general and other hospitals back of the forward areas. Few of the 
patients treated here I'ccover without some type of com^iUeation such as 
wound infection, wound sejiaration, retraction of the colostomy, eviscera- 
tion, or the development of abdominal Avail, intra-abdominal, subphrenic, 
and retroperitoneal abscesses. IMost of them liarm a prolonged eom-ales- 
cenee extending over a period of two or lliree months. After this i)eriod 
of convalescence, many have to be evacuated to the zone of the interior 
for major intra-abdominal surgical procedures to restore intestinal con- 
tinuity. These additional procedures are associated Avith an accepted 
mortality rale of from S to 10 per cent. The ingenuity of the .surgical 
staff is frequently taxed to the utmost in order to prevent certain com- 
plications from progressing- to a fatal termination. It is mj^ considered 
opinion that Avith further experience and particular attention to certain 
details in the primarA'- treatment of these patients, the reduction in the 
mortality rate can be folIOAved by a coiwesponding reduction in the 
morljidity rate. 

The folloAving suggestions are made on the basis of a rather extensive 
experience Avith the Mikulicz procedure in the treatment of carcinoma 
of the colon in civilian life, modified hy the experience gained from tlie 
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study and care of a group of twenty-tliree patients witli traumatic per- 
foration of tlie colon u'ho had been evacuated to North Africa from the 
Italian theatre of operations. 

The fundamental inaneiples concerning the treatment of battle casual- 
ies vith perforation of the colon must fii-st be stated ; (a) It is generally 
accepted today that the safest method of dealing vuth a laceration of the 
colon is by exteriorization of the lacerated segment of bov-el. (b) The 
primary object in the treatment of these patients in the forward area is 
the saving of life, and the setting up of conditions which will facilitate 
the further care of that patient is secondary. The facts and the prob- 
lems confronting the surgeon in the forward area have been kept in 
mind at all times in the following diseus.sion, although, as ah'eady 
pointed out. the secondary complications occurring in these patients 
may be sufficiently gi-ave so as to actually jeopardize the life of the 
patient. 

The most important step in the exteriorization of the colon is the 
adequate mobilization of the bowel. In the first place, this greatly 
facilitates the exteriorization of the entire injured segment. It must be 
kept in mind that frequently a considerable ai’ca of boAvel wall surround- 
ing the actual perforation has been devitalized by the trauma, and mil 
subsequently slough. It is equally important that the entire injured 
area must be exteriorized without tension. If tension on the bowel is 
necessary to bring the segment above the skin level, it will inevitably 
reti-aet. If this retraction stops at the skin level nothing more serious 
than a constricted colostomy stoma may result. This often functions 
poorly, and renders the subsequent examination and clamping of the 
spur much more uncomfortable for the patient. If the retraction pro- 
ceeds below the .skin level, it leads to infection of the wound vith partial 
or complete separation. This, in tuni, may lead to evisceration. If the 
retraction extends below the peritoneal level as in one of our patients, 
local or generalized peritonitis results with the frequent formation of 
intraperitoneal, pelvic, or subphrenic abscesses. In seven of our pa- 
tients the colostomy stoma was at the level of the skin or beneath. Five 
of these men had abscesses in the abdominal wall with partial or com- 
plete separation of the abdominal incision. Two developed subphrenic 
abscesses (bilateral in one case), and one patient eviscerated. The oper- 
ative notes occasionally mentioned the fact that tension was necessary 
to exteriorize the bowel. 

The following brief resume of the clinical course of one of these pa- 
tients illustrates how a series of complications occurred, each of which 
almost cost the patient his life. A fcAv more minutes spent on mobiliza- 
tion of the colon might have pi-evented these complications. 

A soldier rvas wounded in the left flank, I^ov. 3, 1943, by enemy shell frag- 
ments. Fortunately, due to the proximitj' of a field hospital, he was operated 
upon within three hours after his injury. Through a left posterolumbar incision, 
thirteen perforations of the ileum and jejunum were closed and four inches of the 
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descendinR colon removed bectume of two ])erforn()Oiis nl that point. There was 
not sufficient niobility pre.sciit for e-vleriori/.iition tliroiij^li nn anterior stab in- 
cision, so the two loops of colon were broupbl out tliToujjb the operative incision 
in the left flanh. He was admitted to the general hospital, Nov. HI, Ifll.'l, with 
a temperature of 101'’ F,, vomitiiift oecasionally, but taking .‘;ome li(iuid8 by mouth. 
Ilis wound was completely .separated, with the .sutures lyiiifj loose iti it. Tlie 
colostomy loops had separated and retracted below the peritoneal level, cxpo.sing 
the dorsal musculature, the luyor.s of the abdomin.'il wall, and the adjacent peri- 
toneal cavity to con.stant fecal contamination. The adjacent loops of .Kinall bowel 
were covered by Rranulation tissues. P'ever continued and Xov. 20. lOl.'i, a right 
subphrenic abscess was discovered and drained. (The predominant organisms 
were BaciUtts coU and Bncitlux ctostritlid.) He improved temiiorarily, but again 
became febrile, and his condition deteriorateil. Sterile pleural effusion, 500 c.c., 
was aspirated from the right side of the chest, Hee. it, lOHl, and 000 c.c. of a 
similar amber-colored fluid was aspirated from each pleural cavity, Dec, 7, 1910. 
His temperature rose to 101 to 102° F. .at night, pulse remained at 110 to 120, and 
his feet and back became edemalou.s. I)cc. 11, lO-Hi, an abscess lying between the 
abdominal wall and the peritoneum, and e.vtcnding mcdialward from the incision 
across the midline, was incised and drained (prodoiainant orgfinism again B. coU). 
He again became febrile after a short period of improvement. Dec. 16, 1943, 
1,000 c.c. of clear amber-colored fluid were aspirated from the loft pleural cavity 
and 750 c.c. from the right side. Dec. 22, 1943, a retrocecal abscess was drained 
of 200 c.c. of thick white pus. In spite of this, there was no essential change in 
his condition which continued critical. X-ray e.vaminntion, Dec. 26, 1943, showed 
a small bubble beneath the left diaphragm, and a loft subphrenic abscess was 
drained, but the patient again failed to make any permanent or sustained im- 
provement. Jan. 6, 1944, pus was obtained from the left pleural cavity. It was 
loculated posteriorly and was drained by a thoracotomy. He now began to show' 
the first definite and sustained improvement, but continued to have a low-grade 
fever. He was given 300,000 units of penicillin. (The sulfonamides had been 
discontinued long before because of their tendency to accelerate the fall in the 
red blood cell level, which was being sustained by repeated blood transfusions.) 
Possibly due to the penicillin, but probably to the fact that wc had finally drained 
the last abscess, he continued to improve, his temperature fell to normal, and lie 
became ambulatory by the time he was evacuated to the zone of the interior. 
His wound had finally healed but he will require a major intra-abdominal proce- 
dure to restore intestinal continuity because of the widely separated and retracted 
colostomy loops. 

Mobilization of tlie large bowel by division of its lateral peritoneal 
attachments is a relatively avascular procedure. The only blood ves- 
sels which may need to be clamped and divided are a few at the 
splenic and hepatic flexures. After the line of fusion between the 
peritoneum covering the bowel and the latej’al parietal peritoneum has 
been incised (see Fig. 1), the botvel and its mesentery are easily 
mobilized medialward by sharp and blunt dissection. This proAudes 
ample bowel for exteriorization of the proximal and distal loops, ev'en 
if resection of several inches or more of bowel should be necessary. 
The retropei'itoneal second portion of the duodenum Avill he encoun- 
tered on the right side, and should be carefnllj^ reflected posteriorly. 
The ureter on the side involved, should, of course, be found and pre- 
served. An excellent guide to the ureters is the spermatic A'essels cross- 
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study and care of a group of twenty-tlirec patients with traumatic per- 
foration of the colon who liad been evacuated to Nortli Africa from the 
Italian theatre of operations. 

The fundamental principles concerning the treatment of battle casual- 
ies with perforation of the colon mu.st til’s! be stated: (a) It i.s’ generally 
accepted today that the .safest method of dealing with a laceration of the 
colon is by exteriorization of the lacerated segment of bowel, (b) The 
primary object in the treatment of thc.se patients in the forward area is 
the saving of life, and the setting up of conditions which will facilitate 
the further care of that patient is secondary. The facts and the prob- 
lems confronting the surgeon in the forward area have been kept in 
mind at all times in the following discussion, although, as already 
pointed out. the secondary complications occurring in these patients 
may be sufficiently grave .so as to actually jeopardize the life of the 
patient. 

The most important step in the exteriorization of the colon is the 
adequate mobilization of the bowel. In the fii'st place, this greatly 
facilitates the exteriorization of the entire injured segment. It must be 
kept in mind that frequently a considerable area of bowel wall surround- 
ing the actual perforation has been devitalized by the trauma, and wll 
subsequently slough. It is equally important that the entire injured 
area must be exteriorized without tension. If tension on the bowel is 
necessary to bring the segment above the skin level, it will inevitably 
retract. If this retraction stops at the skin level nothing more sei’ious 
than a constricted colostomy stoma may result. This often functions 
poorly, and renders the subsequent examination and clamping of the 
spur much more uncomfortable for the patient. If the retraction pro- 
ceeds below the skin level, it leads to infection of the wound with partial 
or complete separation. Tliis, in tuni, may lead to evisceration. If the 
retraction extends below tlie peritoneal level as in one of our patients, 
local or generalized peritonitis results with the frequent formation of 
intraperitoneal, pelvic, or subphrenic abscesses. In seven of our pa- 
tients the colostomy stoma was at the level of the skin or beneath. Five 
of these men had abscesses in the abdominal wall vnth partial or com- 
plete separation of the abdominal incision. Two developed subphrenic 
abscesses (bilateral in one case), and one patient eviscerated. The oper- 
ative notes occasionally mentioned the fact that tension was necessary 
to exteriorize the bowel. 

The following brief resume of the clinical course of one of these pa- 
tients illustrates how a series of complications occurred, each of which 
almost cost the patient his life. A few more minutes spent on mobiliza- 
tion of the colon might have prevented these complications. 

A soldier was wounded in the left flank, Nov. 3, 1943, by enemy shell frag- 
ments. Fortunately, due to the proximity of a field hospital, he was operated 
upon within three hours after his injurj-. Through a left posterolumbar incision, 
thirteen perforations of the ileum and jejunum were closed and four inches of the 
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(Icpcomling colon roinovcd bortniso of two juTfoiatioiis at that point. ’I’licro \<.nt 
not .suilicicnt mobility pro.s'ont for oxtoriori/ution tlirotigli an antarior .‘(tab in- 
cision, so tlio two loops of colon wcio brotigbl out tlirougli the operative incision 
in the left Hank, lie was nilmilled to the general hosjiitnl, Nov. Iti, 1!U3, with 
a tcinpcratnrc of 101" voiuiliiig occasionally, but Ijiking some liipiids by mouth. 
His W'ound was completely separated, with the sutures lying loose in it. The 
colostomy loop.s had separated and retracted below the ]>eritoneal levid, exjin'-iag 
the dorsal musculature, the layer.s of the abdomimil wall, and tlio adjacent jnjri- 
toneal cavity to constant fecal contamination. The adjacent loops of small bon el 
were covered by granulation tissues. I'ever contiinicd and Nov. Hit, IPt;!, a right 
subphrenic abscess was discovered atid draineil. (The predominant organism'- 
were Bacillus roll and Bacillus Clostridia.) He improved temjiorarily, but again 
became febrile, and his coniiition deteriorated. Sterile pleural elTusion, ."00 e.e., 
was aspirated from the right side of the che.st, Dec. It, 19).'!, and 900 c.c. of a 
similar amber-colored fluid was aspirated from each pleural cavity, Dec. 7, 19j.'{, 
Ilis temperature rose to 101 to 102" F. at night, pulse remained iit 110 to 120, iind 
his feet and back became edenuitous. Dec. 11, Itt-IH, an abscess lying between the 
abdominal w.all and the ]>oritoneum, and e.vtending mediiilward fiom the incision 
across the midline, was incised and drained (predominant organism again B. coU). 
He again became febrile after a short period of improvement. Dec. 10, 19 gj 
1,000 c.c. of clear umber-colored fluid were aspirated from the left pleural cavitv 
and 750 c.c. from the right side. Dee. 22, 19-i:>, a retrocecal abscess was drained 
of 200 c.c. of thick white pus. In sititc of this, there was no c.'sentia] change in 
his condition which continued critical. X-ray c.vamination, Dee. 20, 19).'’,, showed 
a small bubble beneath tlie left diaphragm, Jind a left subphrenic abscess was 
drained, but the patient again failed to make any permanent or sustained itn- 
provenient. .Tan, 0, 191-), pus was obtained from the left pleural cavity. It was 
loeulated posteriorly tind was drained by a thoracotomy. He now began to show 
the first definite and sustained improvement, but coutiiuied to have a low-grade 
fever. He was given 300,000 units of penicillin. (The sulfonamides had been 
discontinued long before because of their tendency to accelerate the fall in the 
red blood cell level, which was being sustained by repeated blood transfusions 1 
Possibly due to the penicillin, but probably to the fact that we had finally drained 
the last abscess, he continued to improve, his temperature fell to normal, and he 
became ambulatorj' by the time he was evacuated to the zone of the interior 
His wound had finally healed but ho will require a major intra-abdominal procc' 
dure to restore intestinal continuity because of the widely separated and retract 1 
colostomy loops. 


Mobilization of the large bowel by division of its lateral peritoneal 
attachments is a relatively avascular procedure. The only blood ves 
sels which may need to be clamped and divided are a fetv a(_ 
splenic and hepatic flexures. After the line of fusion between tl ^ 
peritoneum covering the bowel and the lateral parietal peritoiieiinj } 
been incised (see Fig. 1), the bowel and its mesentery are e 
mobilized medialward by sharp and blunt dissection. Tliig pro n ^ 
ample bowel for exteriorization of the proximal and distal loop 
if resection of several inches or more of hoAvel should Ijg jjg 
The retroperitoneal second portion of the duodenum ^ri]j jg 
tered on the right side, and should be carefully reflected 
The ureter on the side involved, should, of course, befoamj* 
served. An excellent guide to the ureters is the sperihatw,.^,,,^^.^'^ 
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ing auterior to the ureter directly below the kidney pelvis and lying 
just lateral to it throughoiit its course down to the pelvis. Tliese ves- 
sels are easily identified as the dissection proceeds niedialward, and 
the ureter will be found 3 cm. or le.ss furtlier toward the inidJine (see 
Fig. 273). In exteriorization of the .splenic flexure, the jejunum at the 
ligament of Treitz will often be exposed and injury to it .should be 
avoided. The mesentery of the colon will become rather thin and deli- 
cate as it is reflected from the posterior abdominal wall and care must 
be taken le.st it be pei-foratcd In’- the retracting fingers. Any perfora- 
tions .should, of course, be closed to prcA-enl po.ssiblc herniation of small 
bowel through the aperture. Little, if any. dissection is usually nece.s- 
saiy in liberation of the .sigmoid colon. AVifh wounds of the ascending 



Pig:. 1. — ^Showinp the arst step in mobilization of the ripht colon by incision of the 
peritoneum along the avascular line of fusion between the visceral and lateral parietal 
peritoneum. 

colon, the hepatic flexure mtist be detached, and in the case of the 
descending colon, liberation of the splenic flexure in addition to the 
division of the lateral attachments will provide adequate mobilization 
(see Fig. 3). The amount of dissection necessary with wounds of the 
transverse colon depends largely on its redundancy. The omentum 
has an avascular attachment to the transverse colon and can be easily 
removed. Even the necessary liberation of both flexures should not 
prolong the operative procedure unduly in most cases and with the 
adequate exposure that is e.ssential in these patients, it should add but 
five to ten minutes to the operating time. Because of the possibly 
increased risk of wound infection from the ileostomy, there is a ques- 
tion in the minds of some authorities as to whether it is safe to ex- 
teriorize the right colon and construct a double-barreled ileoeolostomy 
by approximation of the terminal ileum to Ihe ascending or transverse 
colon. This certainly can be done without increased risk of wound 
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infcelioii 'wlicn opcratiiif? 'for oarcinoina of I ho oocuiii and asoonding 
colon in civilian practice. I'wo paticnl.s of Ihi.s fjron)) had liad a pro- 
cedure of this type. One had no infeelion of his wound. I'lio ilco- 
eolostoniy had heen elainped and clo.scd, and he was I'otui'iichl to duly. 
A second patient ha<l a niodcrale infection of his wound with sepai-a- 
tion of the slvin and subcutaneous layers. The ileocob)stoniy liad been 

. 1 . 




B. 

Fig-. 2. — A. Schematic representation of a 
colon. B, Mobilization of the right colon, showi 
duodenum, right ureter, and right spermatic v 
from their anterior surfaces. 


le ascending 
>rtion of tiie 
is reflected 


clamped and closed without difficulty, and the abdominal wall is now 
in good condition. A third patient with extensive woiind of the as- 
cending colon had a right lower quadrant ileostomy and an epigastric 
transverse colon colostomy. The wounds healed perfectly, but he had 
to be evacuated to the zone of the interior with the added nursing care 
that an ileostomy requires. He still faces a major intra-abdominal 
procedure with an associated mortality between 5 and 30 per cent. 
Complete information on all of these cases involving the right colon 
eases will be required to settle detinitel 5 ^ this point. 
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In the second place, adequate mobilization of the bowel permits the 
rapid formation of a five- or six-ineli doul)le-barreled colostomy spur 
(see Fig. 4). This, in turn, makes it possible to restore intestinal con- 
tinuity at 'a later date, by a minor extraperitoneal procedure. Two 
rows of sutures uniting the two loops facilitate the subsequent clamp- 
ing of the partition. If haste is imperative, one row of sutures is suffi- 
cient to prevent the small bowel oi- omentum from inserting itself be- 
tween the loops of the spur, and the partition can be elamiied without 

, 1 . 




risk (see Fig. 5). Tliese sutures should not be passed into the lumen 
of the bowel. There is no tension of this suture line aud approxima- 
tion is all that is required. Uniting the longitudinal bands of the colon 
by seromuscular sutures tied without constriction of the tissue permits 
the formation of a double-barreled colostomy which involves no added 
risk from peritonitis, and which is ideal from the point of view of the 
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later restoration of intestinal eoiitinnity. A five- or six-ineli spur not 
only permits tlic colostomy stoma to he hrou^ht well fon(> and one-half 
to two inches) above tlio skin level, but also insures an adequate bowel 
Uimen after the subsequent closure (see Fijr. b). There will be no post- 
operative leakapu- of i)itostinal conleiil if the spur is made of suffieionl 
length in the first place and the tmwel wall is rendered suffieienlly 



ii'is. 4. — SchemiiUc Sagittal view of U\c eonstnicUon of a double- baiTGlctl colos- 
tomy spur for a perforation low in the slCTHold colon. Tills iiiay necessitate mobili- 
zation of the upper rectum and rectosiKinold portion of tlie colon. 



representation of tlic colostomy spur, and the application of the 
uchsner clamp. It will usually require two or three applications of the 
Clamp lor complete division of the spur. 

pliable by removal of all sear tissue at the time of closure, so that it 
can be inverted ivithout tension. It was possible, by slow and careful 
clamping of the partition, to secure sufficient lumen to permit extra- 
peritoneal closure in approximately 50 per cent of our patients, al- 
though only a few bad approximation (liy sutures) of the two loops 
at the time of the original operation. Three other patients were evacu- 
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aled because ot‘ unhealed osteomyelitis of the sacrum, and one because 
(he two looi)s wei-e crossed, making it impossible to clamp the partition 
without destroying the blood .supply to the bowel. No complications 
occurred which could be attributed to the clamping or clo.sure, and 
there has been no mortality among our patients with perforated colons. 
One patient had leakage of inte.stinal content post operatively, which 
was probably due to the combination of a .short spur, plus the forma- 
tion of an abscc.ss post operatively in the old sinus tract made by the 
.shrapnel fragment. Avhich connminieated with the wound of closure. 



Fig:. 6. — .Schematic representation of the intestinal lumen following closure. Tlic 
pentoneal ca\it) ha.s not been opened, and the muscle, fascia, and shin layers of tlio 
abdominal wall have been approximated over the inverted colostomy stoma. 


(Those patients whose colost oniie.s have been closed have been returned 
to Class I? duty in this theatre of operations. Several, who were tech- 
nical sergeants, liave been returned to work similar to that carried on 
before their iiijniy.) ilore of the colostomies could have been closed 
and the jiatients returned to duty, and the sub.seciuent care in the 
group that was salvaged Avould have been rendered infinitely safer and 
easier had it been possible to construct an adequate double-barreled 
spur at the time uf the original operation. 

The incidence of infection in these wounds is high, because we are 
dealing with an open wound in the colon, frequently associated with 
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gross soiling of llic poritoiipal cavity by fecal nial<'rin!. Bccfuise of 
Ibis fact, some surgeons Imve felt tlial eoinplclc closure of the laparot- 
omy incision with exteriorization (»f the l)owel through a lateral stab 
\s-ouml decreases the incidence of infection and se])nration. In the 
original incisions in our small scries, the incidence, of infection was 
equal (5 per cent) in the group with the stab wound colostomy and in 
the group with the colostomy in the la])arotomy incision. Whether the 
additional time and mani]nilalion recpiired in the former grouj) are 
justified I'omains to be settled wlien the collected statistics from all 
hospitals arc analyzed. This is also true of other impressions of our.s, 
such as the advisability of the use of through-and-through sutures 
without closure of the wound in laycns. It is ceilainly important that 
those patients .should have a minimum of transportation, not only until 
they have ])assed the critical stage, but until they have good wound 
healing. Certainly it is true that any and all measures designed to 
decrease contamination and to achieve prin\ary healing of the incision 
are to be commended because infection with the frcciuently associated 
separation of the wound markedly prolongs the convalescence of these 
patients. 

The following is an illustrative ease. 

A 28-year-old arlillorynmn .sustained a penetrating wound of llie left side of 
his abdomen, Nov. tl, JiMd. At ojteration, four hours later, a wound of the 
jejunum was found and elo.sed, a wound of the splenic llc.vurc of the colon was 
exteriorized, and a retroperitoneal hematoma drained. In order to provide more 
adequate expo.surc, a traiisvcr.so incision was added to the left rectus iiicisiou. 
A wound infection developed and on the fourteenth day, after coughing, he 
eviscerated. Following closure, he began to show evidence of a more serious 
infection, with necrosis of the udjacent tissues of the abdominal wall. A micro- 
aerophilic streptococcus was found which responded to zinc peroxide, but much 
of the abdominal w.all was lost and the colostomy rolracted below the skin level. 

Doc. 20, 1943, he was admitted to u general hospital in fair condition, with a 
large granulating wound, nine by six inches, oval in shape. The colostomy, just 
to the left of the wound, wa.s below the skin level, but was functioning W'ell. 
There was a purulent discharge from a sinus tract just lateral to the colostomy. 
Temperature was 101° F. Dec. 29, 1943, a retroperitoneal abscess was drained 
through the left flank. The patient improved temporarily, but again became 
febrile, with a deterioration in general condition. .Ian. 2, 1944, a posterior right 
subphronic abscess was drained througli the bed of the twelfth rib. He imme- 
diatel 3 ' began to improve and his temperature dropped to 100° F. Jan. 5, 1944, 
he disrupted the large granulating abdominal wound, and eviscerated for the sec- 
ond time. The stomach, several feet of small bowel, and the tranverse colon were 
replaced in the abdominal cavitj' and the wound closed under considerable ten- 
sion. After a critical period of two or three daj's he graduall^v rallied, but the 
wound partiall}' separated, and. on Jan. 12, 1944, he developed a high jejunal 
fistula in the center of the granulating area. In spite of various temporarj' mea.s- 
uros designed to bj--pas,s the jejunostom}>-, the opening in the bowel became larger 
and his condition again became critical. March 10, 1944, the fistulous area in the 
jejunum was resected and end-to-end anastomosis performed; a fourth attempt 
to close the abdominal wall was carried out. The colostomj-, which was situated 
at the margin of the wound, was moved further into the flank to facilitate closure 
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and. to decrease the subsequent contamination of llie incision. Tlic closure was 
parliall}' successful due to necrosis and slou"h of the rs-ound inarfjin.s in the cen- 
tral portion, but the fistula has remained elo.sed, and the patient is makinj' satis- 
factory recovery at the time of this report. 

Tlie tremcnclons imiounl of siiitportivc li'catiiK'nl iicces.saTv to cany 
these patients over eacli of llieir eoinjtlicalions has not been mentioned, 
but can readily be imagined. The technical treatment of many of 
their complications is usually not diilicult, Init the diagnosis is often 
exceedingly difficult. These patients have all been through so much 
that their margin of safety is small and one must be constantly on the 
alert to detect even slight changes in their general eondition. A slight 
elevation in a temperature curve Avhich has been falling may indicate 
a new abscess which must be found and di’ained quickly, for it may 
be just “the straw which breaks the camel’s back.” 

Thanks to the technical .skill of the surgeons operating in the for- 
ward areas, it is now possible to state that the majority of patients 
sustaining a perforating wound of the colon will survive. "We feel 
that before long it will also be possible to state that the majority of 
these patients will not have to be evacuated to the United States, 
but can be restored to useful duty in the Ihealre of operations, with 
no increase in the over-all mortality rate. 



CONGENITAL ABSENCE OP THE GALL BLADDER 

Claude P. Djxox, JI.S., il.D.A and A. L. Licutmak, IM.D.t 
RoriiESTi:!!. JIinx, 

I NTERESTING fiiidmps in a ease of conpciiilnl absence of the gall 
bladder observed reecntly at tbc !Mayo Clinic prompted a study of 
all of the cases of tins anomaly that liavc been observed at tbe clinic 
and a review of the eases that have been rci)orlcd in flic literature. 
The cystic duct also was absent in most of the cases wliicb form the 
basis of this report. This was the only concomitant anomaly of the 
extrahepatic bile ducts tliat was jircsent in any of the cases. Anomalies 
of the extrahepatic bile ducts constitute another problem. Thej' u.su- 
ally are found in stillborn infants or in infanta born with icterus. 
They freqiiontly are associated with other anomalies. 

Many of the reports of congenital absence of tbe gall bladder were 
found to be inadequate for study. IMany older reports consist only of 
statements that were made before some society,’’* In some articles 
that otherwise were satisfactory, there was no mention of the status 
of the extrahepatic bile ducts and in some cases in which the anomaly 
was found at operation there was no means of ruling out the presence 
of an intrahepatic gall bladder. In an occasional report, the author 
mentioned having seen several other case.s but did not describe the 
findings. 

In 1902, Gay^ reviewed nineteen cases of congenital absence of the 
gall bladder that had been reported in the literature. Buddy^ and 
Theodor® surveyed the German literature and the latter author re- 
ported a ease which he had observed personally. Bower,® in 1928, 
collected thirty-five cases from the literature and in four of these cases 
the cystic duct was present. He also reported a case which he had 
observed. Gross," in reporting a case of double gall bladder, in 1936, 
reviewed the literature on congenital anomalies of the gall bladder 
and summarized the findings in thirty-eight cases that had been re- 
ported since 1905. One maj'' add the cases of Danzis,® Fowler,® Theo- 
dor,® Torrance,’® and Whipple” to those mentioned by Gross." In 
addition, Whipple mentioned two other cases which he had observed 
previously. Since 1936, thiideeu additional cases have been reported”'’" 
but I'eports of two of these cases were not available to us.’®'*® Thus, 
we were able to obtain thirty satisfactory reports that were made be- 
fore 1900 and fiftj’- that have been made since that time. To these 
cases that have been reported in the literature, we wish to add ten 
eases that have been observed at the ISiIayo Clinic. 

Received for publication. June 2, 1944. 

•Division of Surgery, Mayo Clinic. 

fPirst assistant in Surgery. Mayo Foundation. 
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The embryology of the gall bladder has been descril)ed adequately 
by Keibel and j\Iall.-‘ Two theories have been advanced to explain 
congenital absence of the gall bladder." The first of these is that the 
anomaly is due to failure of the gall bladder bud to develop from the 
hepatic diverticulum. This failure also Avould result in an absence of 
the cystic duel. The second theory maintains that the anomaly is due 
to failure of the gall bladder bud to resolve from its solid embryonic 
stage. The presence of a solid cord residue would favor the latter 
theory. 

From compai'ative anatomy one learns that in the Petromyzon, the 
pigeon, and the rat the gall bladder diverticulum is present but di.s- 
appears as the embryo matures. There ai-e conflicting reports on the 
presence of the gall bladder in some species of animals. It probably 
is reasonable to assume that the gall bladder usually is absent in the.se 
species, which include the giraffe, the camel ( ?), and the elephant ( 
According to IMentzer,^^^’ the gall bladder has been said to be absent 
uniformly in twenty-six species of mammals including the goat, deer, 
rat, rhinoceros, peccary, pilot whale, hyrax,"'* two-toed and three-toed 
sloth, and the horse, ass, and mule, seventeen species of fi.sh including 
the Petromyzon or the lamprey, which is a eyc]o.stomc, and nine .species 
of birds including the dove and pigeon. It is interesting to note that, 
with the exception of the pilot whale, the mammals which normally do 
not have a gall bladder are predominantly vegetarian and depend on 
ingested carbohydrate for their body fat. 

Many of the reports of cases of congenital absence of the gall blad- 
der that appeared before 1900 were rather cursoiw and the cases differ 
from those reported since 1900. Such data as are available will he 
presented briefly. In twenty-four of the thirty cases the anomaly was 
found at necropsy; in two of the cases it was found at operation and 
confirmed at necropsy, Avhich followed closely; while in four cases it 
was not stated whether the anomaly was found at necropsy or at oper- 
ation. In five of the twelve cases in which an adequate history was 
obtainable, symptoms suggestive of cholecystic disease were present. 
Jaundice was present in six cases. The common duct was found to he 
dilated in five of the ten cases in which the size of the duct was men- 
tioned. The cystic duct was present in four cases and noted as absent 
in thirteen cases. Stones were found in two cases. Twelve of the 
jjatients were females and ten were males. Eight infants were in- 
cluded, while in ten eases the patients were more than 45 years of age. 
Jlany of the cases in which the patients were infants were eliminated 
because of extensive associated anomalies."’ 

The repoi’ts that have appeared since 1900 are more complete than 
those which were made preAdously. The anomaly definitely was stated 
to have been found at operation in two of the thirty eases reported 
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prior 1o 1900, inif il M’fis «li.soovorc(1 in tliis niannor in lliiriy-fonr of 
the sixty eases® reported subsequently. >f\n element of doubt is intro- 
duced Avlien the anomaly is ob.served at operation, but in six of the 
cases in which the anomaly was ob.served in this manner it sub.se- 
quently was confirmed at uecrojisy. In this study we did not include 
cases in which a small pouch was seen on the common duct. In a few 
cases (for example, in the one reported by IMiller).-’’’ tliere was a nub- 
bin of the common bile duct which contained a .stone. These cases 
were eliminated from consideration because of the likelihood that the 
nubbin ve]n’esentcd the end result of intlammafory obliteration. 

AXALYsis or c.\sr.R ur.roirrr-D sixer. 1900 

Of the eases of this anomaly that have been reported since 1900, 
fifty were found satisfactory for stud.v. To these fifty eases we wish 
to add ten cases which have been ob.served at the clinic. Those eases 
will be reported briefly in tliis ])aper. 

In twenty-six of the sixty cases the anomaly was found at necropsy 
and in the thirty-four rcmainin<r cases it was found at operation. In 
six of the thirty-four cases the presence of the anomaly subsequently 
was confirmed at necropsy, lu the twenty-six cases in which the 
anomaly was found at necropsy, the following causes of death were 
mentioned: tuberculosis in five cases, lobar pneumonia or broncho- 
pneumonia in five cases, and myocarditis in two cases. S.vphilis was 
present in one ease. y\s previously slated, in twenty-four of the thirty 
cases that ivere reported prior to 1900 the anomaly was found at 
necropsy. In five of these cases death was attributable to tuberculosis 
and in four eases it was due to pneumonia. It is evident that tuber- 
culosis and pneumonia caused death in about the same percentage of 
eases in each group. 

In twenty-four of the sixtj" cases the anomaly v'as found in the 
course of operation for suspected cholecystic disease. On four occa- 
sions it Avas disclosed by an exploratory lapai'otomy; in tAvo cases a 
diagnosis of appendicitis Avas considered, and in four cases the anomaly 
Avas an incidental finding in operations on the stomach and duodenum. 

The aA^erage age of the patients Avas 46.7 years. Forty-tAvo of the 
patients Avere more than 45 years of age and four Avere less than 1 year 
of age. Thirty-six of the patients Avere females and tAventy-three Avere 
males. In one ease the sex of the patient Avas not mentioned. 

Symptoms suggestive of cholecystic disease Avere present in thirty- 
five cases (in eight patients pain extended to the left side of the thorax 
and to the scapula). In thirteen eases the symptoms Avere not refer- 
able to the gall bladder and in tAvehm cases the symptoms Avere not 
describ ed adequawly. Jaundice aa^s pi'esent in tAA^enty-nine eases. 

•This flgrnro inoliides ten cases which have been observed at the Mayo Clinic. 
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In fifteen cases cliolecystographj’’ failed 1o produce visualization of 
the gall bladder. Stones -were seen in the region of the common bile 
duct in four eases. 

The gall bladder fossa in the liver was present in seven cases and 
absent in twenty-five. It was not mentioned in twenty-eight cases. 
The cystic duct was pre.sent in four cases and absent in forty-two 
cases. It was not mentioned in fourteen eases. The common bile duct 
was dilated in nineteen eases and of normal size in twenty cases. In 
twenty-one cases mention of the size was omitted. In one of the cases 
there was a carcinoma of the common bile duct''' with dilatation of 
the duct above the lesion.^ Gallstones were found in the common bile 
duet or in the hepatic ducts in sixteen cases. Their absence was men- 
tioned in nineteen cases, but not mentioned in twenty-five cases. 

The liver was noted as enlarged in nine cases and as cirrhotic in 
thirteen cases. Hepatitis was noted in five eases and the left lobe was 
absent in one patient. An unusually small quadrate lobe was seen in 
six cases. The pancreas was mentioned in twelve cases. Pancreatitis 
was present in eleven cases. The pancreas was poorly developed in 
one patient and diabetes was present in four cases. No mention was 
made of changes in the spleen. 

The sixty eases may be divkled roughly into three groups. One 
group consists of eases in which the patients were infants. In this 
group the absence of the gall bladder was noted at necropsy. Jaundice 
was a common finding and the causes of death were described as 
“emaciation,” bronchopneumonia, peritonitis, encephalitis, and an im- 
perforate anus. In the second group of cases the patients were be- 
tween infancy and 45 years of age and the anomaly usually was found 
at necropsy. Death frequently re.sulted from pulmonary disease. In 
73 per cent of the eases in which the patients were past the age of 45 
j'ears, symptoms similar to those found in cholecystic disease were 
present. In the majority of the cases in the last group the anomaly 
was discovered at operation. 

REPORTS OF CASES OBSERVED AT THE CLINIC 

Case 1. — A Norwegian woman, aged 01 years, had had attacks of jaundice, 
chills, fever, and pain in the left upper quadrant of the abdomen which had ex- 
tended to the left scapula. Abdominal distress and belching had occurred after 
meals. These symptoms had been piesent for eight years. Cholecystography re- 
vealed nonfunctioning gall bladder. The rmlue for the serum bilirubin was 6.5 
mg. per 100 c.e. Analysis of the gastric contents disclosed an absence of free 
hydrochloric acid; the value for the total acidity was 6 according to the method 
of Topfer. Cholecystic disease and biliarj' obstruction were suspected. Operation 
disclosed absence of the gall bladder and cystic duct. There was no gall bladder 
fossa in the liver. Three stones were found in the dilated common bile duct. 

•Although the tenu “common bile duct” implies fusion of the cystic and hepatic 
ducts, it is used here to designate fusion of the Iiepatic ducts also. In two of the 
cases' two hepatic duets proceeded independently into the duodenum. This may have 
been true in more cases but missed at operation. 



niXOK AND MCHTMAN : CONGKXITAD ADSKKWC OK OADD IIDADDICK 15 


A T tube was inserted into tbe comnum bile duet. Tiie pancreas and liver wore 
normal. The jaundice disappeared rapidly and the concentration of serum bili- 
rubin decreased to 1.2 nig. per 100 c.c, in two weeks. The T tube was removed 
in two inontlis. The patient wa.s a.syinptomat ie lliereafter. 

Case 2. — A man, aged GS years, of Xorweglan • descent, had had attacks of 
jaundice and of eiiigastric pain which extended to the sternum. These attacks 
had been present for six weeks and morphine had been required. Other symptoms 
included fever and chills, intolerance of fat, and a loss of sixty pounds (27.2 kg.). 
ISTo jaundice was jiresent at the time the patient was examined. The value for 
the serum bilirubin was 1.1 mg. per 100 c.c. Cholecystography did not reveal ant' 
gall bladder. Ob.structivc cholecystic disease was suspected. Operation revealed 
absence of the gall bladder. The common bile duct tvas of normal size and no 
stones were pre.scnt. The liver was normal but pancreatitis, grade 3 (on the basis 
of 1 to 4, in which 1 designates the mildest and 4 the most severe condition), was 
present. A T tube was placed in the common bile duet. Ilecovery w.'is excellent. 
After slow progressive clamping of the tube without symptoms being produced, 
the tube was removed two years after its insertion. A year later the patient was 
still asymptomatic. 

Case 3. — A woman, aged 2!) years, of Norwegian descent, had colickj- pain in 
the left side of the epigastrium, fever and chills for four years. Ingestion of 
food or vomiting had relieved the symptoms. She had lost twenty pounds (0.1 
kg.). Eoentgonologic cxamitialion of the stomach revealed a duodenal ulcer and 
a subacute perforating gastric ulcer. Operation disclosed hourglass stomach, two 
gastric ulcers, and a duodenal ulcer. Absence of the gall bladder was noted inoi- 
dentall 3 -. The common bile duct was normal. A gastric resection was performed. 
Recovery was uneventful. Four years after resection the patient was well. 

Case 4. — A woman, aged 39 j'ears, of Irish descent, had had attacks of gaseous 
distention, nausea, and vomiting which had been precipitated bj’ ingestion of 
fattj' foods. These attacks had been present for throe years. There was pain in 
the right side at the level of the umbilicus. .Jaundice was not present. Roent- 
genologic examination of the stomach did not disclose anj- abnormalitj'. Disease 
of the gall bladder was suspected. Operation disclosed absence of the gall blad- 
der and cj'stic duct. The common bile duct was modoratolj' dilated but it was 
not explored. The position of the duct was normal. The appendix was removed 
and the pathologist reported the presence of catarrhal appendicitis. Two years 
later the patient stated that the symptoms still were present. 

Case 5. — A man, aged 53 years, had had pain in the upper part of the abdomen 
and bloating after meals for ten years. The pain had been most intense in the 
left subcostal region. Tenderness had been noted over the right upper quadrant 
of the abdomen. Some of the sj'mptoms had been relieved bj' taking bicarbonate 
of soda. On manj' oeeasions, morphine had been required to relieve the pain. 
There had not been any jaundice or vomiting. Although roentgenologic examina- 
tion of the stomach disclosed a duodenal ulcer, a diagnosis of cholecystic disease 
was considered. Operation disclosed absence of the gall bladder. The appendix 
had been removed previouslj'. A duodenal ulcer was present. The gall bladder 
fossa in the liver was present and the common bile duct was of normal size. A 
posterior gastroenterostomj' was performed. The patient -returned four, and again 
seven j-ears, after the operation. On each of these occasions, he complained of 
persistence of sj'mptoms. He stated that the symptoms had not been relieved by 
food or bicarbonate of soda. Eoentgenologic examination of the stomach re- 
vealed a properly functioning gastroenteric stoma and there was no evidence of 
ulceration. 
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Case G. — A ^\oman, aged 52 ^pa^s, oi Scotdi dc'-cent, liad suflored from pain in 
tlie epigasluuin and left costal inaigui for four .ic.irs. Tlie ‘•c\enty ot the pain 
had increased Ailien the iiatient had lam doiMi; the jiaiii had not related to the 
ingestion of food excejit that tliere Mas marked intolciaiKe to fat. 8he aNo com- 
plained ol attacks ol colicky pain mIirIi Ma« situated in the upjiei ])art of the 
abdomen and extended upMard to the left side oi the thorax. Nausea and xoinit- 
ing also had been present. An attack Minch liad occurred one month before the 
patient came to the dime h.id been associated ivith jaundice, jiruritus, chills, 
fe%er, and acholic stools. There also had been an attack ol “blood}” diarrhea. 
It Mas believed that the patient had cholecv stitis Mith cholelithiasis Cholecys- 
tography levealcd a nonfuiietioning gall bladdei Operation disclosed absence of 
the gall bladder. The eoniinon bile duct Mas normal and no stones Mere palpable. 
The Iner Mas noiinal but chrome pancreatitis Mas present. No other operative 
procedure was emplojed. 

Case 7. — The patient was a man, aged 57 vents, who was a Canadian. For 
twelve vears he had had attacks ot colic in the right upper (piadiant ol the ab 
domen and iitorplune had been recpiiied to relieve the pain, d'hc attacks had been 
associated with nausea, vomiting, chills, fevei, and ituld jaundice. .Si\ months 
previous to his legistration at the clinic he had noticed the jmin in the leit upper 
quadrant and the development of a mass in that region, llocntgenologic e\anii- 
nation revealed a muss attached to the stomach. The colon was normal. Fvplor 
atory laparotomv revealed a Iv niphosarcoma of the stomach and absence of the 
gall bladder and cjstic duct. The gall bladder lossa in the liver was piesont. 
The common bile duct, liver, and paiifreas were noimal. The iiialignant lesion 
was not removed. The patient died eleven months later. 

Case 8 — A man, aged 74 jears, of Kiiglish descent, was toiiiid to have no gall 
bladder at necropsy. In 1918, he had had persistent, severe backache. In 1924, 
he had complained of severe cpigastiic distress. A diagnosis of diabetes had been 
made and a tentative diagnosis of hcmochiomatosis had been verified by skin 
biopsy. Fvaniination had disclosed splenonieg.ilv and an eiilaiged liver. Roent- 
genologic evaimnatiou of the stomach had not disclosed anj abnorniality. In 
1920, he came to the clinic because of periumbilical pain of recent ongin. Ills 
appendix was removed because of subacute appendicitis lie continued to com 
plain of pain in the uppei pait ot the abdomen lie died in 1940 ot diabetes, and 
iiecropsv disclosed absence of the gall bladder. The liver and pancreas were noi 
mal and there was no evidence of broii/ing. The gall bladdei fossa also was 
absent. The common bile duct vvas noimal and no stones were piesent. 

Case 9. — A man, aged 38 jeais, of Danish descent, at ncciopsy vvas found to 
have no gall bladdei. He legistercd at the clinic because of piogressive vvenknoss 
and loss of stiength. The svmptoms vveie too involved to peiimt one to ludgo 
whether tliej were roteiable to the biliarv tract. Necroiisy disclosed imliaiv 
tuberculosis, ileal tuberculosis, tubeiculous Iv niphadenitis, tuberculosis of the lett 
suprarenal gland, bi onchopneunionia, iieinicious aneniia, and lett hvdrothoiax The 
common bile duct was normal but the cystic duct was absent The liv ei and 
pancreas were normal 

Case 10.* — A woman, aged 50 vears, of Finnish descent, had had attacks of 
pain in the epigastiium which had been associated with jaundice, piuiitus, acholic 
stools, choluna, and dieturv iiitoleiance to fat IVIorphine had been required for 
relief of pain. She also had had svmptoms of hv perthv loidism. Palpation re 
vealed a nodular enlargement of the thjroid gland. The basal metabolic rate was 
+32 per cent. There was tenderness in the epigastrium, and icterus was noticed. 

•This is the most recent case that has been obseived at the clinic. 
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Gliok'cyslojrraiilty did iiol disclost' any (jail Madder, 'rhyroidecloiny was per- 
formed. PiUl\olot;U’ exumiuatiou dts-closed jmretu'hyniatous liypertrophy of do- 
(fOnerating fetal tidenoinas in !i eolloid tliyroid {'land. 'J'wo montIi.“ liiler c.vplora- 
tory laparotomy di.xelosed absence of tbe Kail bladder and fbc cystic duct. There 
was marked disloilion of the second and third portions of the duodenma. Tlio 
con\mon bile duct was loetited with diflicnlty and w.ns situated somewhat jinstc- 
riorly to the usual site. It was thickened aiul dilated one and one-half times its 
normal diameter. Xo stones weie found. There was no k-‘' 11 bladder fossa in the 
liver but hepatitis, Krado ‘J, and pancreatitis were observed. A T tube was in- 
serted in the common bile duet to be left for more than eight months. Choledo- 
ciiography revealed normal tilling of the biliary trio; with fine branches. The 
opaque medium soon was emptied freely into the duodenum. 


COMMKXT 

Tlio syinptoiiis ultservod in llio.so ea-ses ai'o qiiilo foprosoiilalivo of 
those tlc.scfibctl in the eases fejniiied in the literatiire. In nniny ea.ses 
they are indistinguislialdc front tlie syinptoni.s of choleey.stilis. This 
brings up an interesting tlionght. The dihiculty in judging tlie path- 
ologic status of the gall Itladdcr from the .symptoms in cholecystitis 
proper has heen stressed repciitedly and explained by various theories. 
Too often, because of the frequent presence of stones in cases of chol- 
ecystitis, one tends to accept the simple, easily visualized explanation 
associating calculous obstruction of the ey.stic or common bile duct 
tvith colic. This path is sometimes misleading and one may cneofuiter, 
on one hand, a distended hydropic gall bladder aftei- an em]iycma due 
to an impacted cystic duet stone in a ease in Avhich there is no history 
of colic, or acute cholecystitis with gangrene find impending perfora- 
tion and in which the symptoms have largely subsided. On the other 
hand, in cases in which patients complain of severe colic there may be 
few findings in the gall bladder and no stones. Without appearing to 
draw too many conclusions from a rare anomaly, we would like to 
suggest that the symptoms of cholecystitis may frequently be a reflec- 
tion of a process going on in the common bile duct or its sphincter 
rather than in the gall bladder. If this be true, subsidence of symp- 
toms associated with improvement in the common bile duct or its 
sphincter might occur while the disease in the vesicle can go on to 
gangrene and perforation. Evaluation of this suggestion would be 
difficult because of the rarity of the opportunity to get sections of the 
eoramon bile duct and its sphincter during this stage of cholecystitis. 

In four of our cases the patients complained of pain which extended 
to the left side of the thorax and subscapular region. This is not usual 
in cases of acute or chronic cholecystitis but has been described from 
time to time as referred pain in disease of the common bile duct. In 
none of the cases of congenital absence of the gall bladder has the 
anomaly been suspected preoperatively as there is no point of dis- 
tinction from cholecystic disease with a nonfunetioning gall bladder 
on roentgenologic examination. As competent surgeons easily can 
overlook an unusually placed gall bladder, failure to find it during 
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laparotomy is less convincing than is the discovery of this anomaly 
at necropsy. In order to mahe certain that the Rail bladder is not 
present, the common bile duet nuust he idonlitied throiijrhont its entire 
length. If a T tube is inserted into the common bile duet and if a 
choledochogram is made, either in the course of or after operation, the 
possibility of an intrahepatie gall bladder may be eliminated. If the 
aiDpendix previously has been i-emoved by a suffieiently lai'ue incision, 
there is a possibility that the gall bladder also may have been removed 
without the knowledge of the patient. A small nubbin at tlie site of 
the gall bladder occasionally may be the result of rei)cated inflam- 
matory episodes. 

Interesting speculation is stimulated by the eases reviewed here. Al- 
thoiigh congenital absence of the gall bladder is I'are, the .state of the 
extrahepatic biliary tract is com])arable physiologicall.v with the post- 
cholecj’Stectomy .state. It offers, so to speak, a naturally occurring 
opportunity to study the effect of absence of the gall bladder. In 58 
per cent of the ca.ses of congenital absence of the gall bladder reported 
since 1900. the patients have had symptoms siigge.stive of cholecystic 
disease with a slight variation in that the pain occasionally extended 
to the left subscapular region. Forty-eight per cent of the patients 
had .iaundice. In 27 per cent of the ea.ses there were .stones in the 
common bile duet. If one limits the discussion to cases in which the 
patients were more than 45 years of age. symptoms were present in 
73 per cent of the cases. This high incidence of symptoms in the eases 
reported suggests the existence of .some defect in the dynamics of the 
biliary tract. Doubt is cast on this by the high incidence of cases in 
which complete relief follows cholecystectomy. Critical evaluatio]i of 
the situation reveals some similarity to the clinical picture of so-called 
postcholecystectomj^ syndrome. The discussions that have marked this 
postoperative ditficulty are applicable lierc.-’'-" The problem brings up 
theories of the dynamics of the biliary ti'act, .spasm of the sphincter 
of Oddi, disturbed rhythmic function of the .sphinctei', the noinnal in- 
termittence of biliary flow, the effects of pancreatitis and cholangitis, 
and the “tension bulb effect” of the gall bladder. A mechanical 
analogy to the last effect maj be found in the mouth blowpipe used 
in chemistry. The skilled operator distends his cheeks as widely as 
possible while blowing through the tapering tube. This permits a 
steady flow of air through the pin-point tip of the tube for long periods 
of time while the operator breathes comfortably. The rhythmic bel- 
lowslike action of the lungs keeps the reservoir in the distended cheeks 
full. It is possible that in this manner the gall bladder acts as a pump 
reservoir and prevents a sudden fall of pressure in the biliaiy tract 
(and in some cases the pancreatic ducts) on opening of the sphincter 
of Oddi. This Avould help the sphincteric action in the prevention of 
regurgitation of the duodenal contents and help to adjust the pressure 
in the biliary tract to that of the pancreatic ducts when necessary by 
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changes in the size of the frail bladder. (I'inrdano and " liave 

shown that, in aniinnls whieh do not have a fiall bladder, bile is ex- 
irressed from the sphitieler in an inlorinitlent Iriehlo while in species 
with a p:atl bladder the bile is expre.ssed in spurts at the ]m)i)er 
stimulus. 

To what extent, if any. the eoiniuon bile duet, hei)atie duets, or intra- 
hopatie bile duels take over some of the fuuetions of the frail bladder 
is a moot point. Cox^" has shown that in rats, wliieh never have a 
gall bladder, ligation of the eonimon bile duet mechanically ])roduee.s 
the changes in the parietal saecnli whieh generally are accepted as 
evidence that the ho])atic ducts have taken over the function of the 
gall bladder. In the wall of the duct, which is made up of fibroclastic 
tissue, there is little muscle. The common bile duct was dilated in 
nineteen, or 32 per cent, of the sixty cases. In nine of the nineteen 
cases iu which the duct was dilated, stones were present. With the 
gall bladder absent, it is possible that stasis of the contents of the 
biliary tract is greater than it is when the gall bladder is present. 
At any rate, it appears that congenital absence of the gall bladder 
is a distinct disadvantage. .Taundice was present in 48 per cent of the 
cases; in 21 per cent of the cases the .inundiee was not associated with 
stones. Stones were present in 27 per cent of the cases, pancreatitis 
in 18 per cent, and hepatitis in 8 per cent (on gross examination). 
The clinical picture certainly warrants the assumption that disease of 
the biliai’y tract is more common in eases of congenital absence of the 
gall bladder than it is in eases in whieh the gall bladder is present, 
especially in cases in which the patients are 45 or more years of age. 
Proponents of reflux theories would find fertile soil here. In one case, 
pancreatitis of the acute hemorrhagic necrotic variety was found.®^ 
It has been pointed out repeatedly that cholecystitis is a disease of the 
biliary tract whieh finds its mo.st ])rominent manifestation in the gall 
bladder. The next point of least resistance is the cystic duct, and at 
times the disease may be found there wdth a relatively normal fundus.^'* 
In the absence of the gall bladder and cystic duct the remaining por- 
tion of the biliary tract will reflect the disease, be it inflammatory, 
mechanical, metabolic, chemical, or a combination of all. In an attempt 
to explain the icterus in eases of jaundice without stone, it is inter- 
esting to note that pancreatitis was noted in nine of the thirteen cases 
and hepatitis in three cases. 

In anatomic teaching, it usually is implied that the fossae and im- 
pressions on the surface of the liver are produced by pressure of the 
neighboring organs. Although this seems to be a logical conclusion, 
in seven eases the fossa for the gall bladder was present in the liver 
despite the fact there apparently was no gall bladder to create the 
depression. 

Although the number of cases has been, of neeessit 3 ', small, in ten 
of the twelve cases of congenital ab.senee of the gall bladder in which 
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the coniinoii bile duel ^v^^s drained lor a prolonged period (three of 
onr cases and nine collected from the literature) complete relief of 
s 3 unptoms was obtained. Similar experience has been obtained in the 
treatment of “posteholec.v.stectonn’ s.vndrome.”-''’ In one of our eases 
(Case 2). a T tube was left in the common bile duet foi- two j'ears 
despite the fact that there had been no .stones or dilatation of the duct. 
In the four other eases in wliieh sjunploms existed, no drainage was 
emploj'ed and the patients continued to complain of the same .s\'mp- 
toms. On the basis of this evidence, we advise ])rolonged drainage 
of the common bile duct bj’ means of a T tul)e in eases of congenital 
absence of the gall bladder in which s.vnpitoms are present, even Avhen 
the common bile duct is of normal size and stones are not found. 

SUMJIARY 

This paper is based on fiflj- eases of congenital alisenee of the gall 
bladder that have been reported since 1900. and on ten cases that have 
been observed at the clinic. Sj’mptoms resembling those of cholec.v.stic 
disease were present in 58 per cent of the .sixtj' eases. Fort.v-eight per 
cent of the patients had .iaundice and 27 pei- cent had stones in the 
common bile duct. S.vmptoms were present in 73 per cent of the cases 
in which the patients were more than 45 j’cars of age. Prolonged 
drainage of the common bile duct with a T tube is advocated in the 
cases in which sjnnptoms are present. 
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THE ]NF].UENCE OF THE l.OCAE APJ^EICATION OF 
SULFATIII AZOLE ON THE INCIDENCE OF INFECTIONS IN 
SUJHHCAL INCISIONS 


Eoukut II. jMork, IM.D., IM.Sc.,* Toronto. Canad.v 

(From Die Suriiical Service of the Toronto General llospital and the Di parlmcnt of 
Surgery, Faculty of Medicine, UnirerMty of Toronto) 

N ew forms of sulfonamide drugs wilh increased bacterial specificity 
are constantly being developed. Various metbods of administra- 
tion have been used in an attempt to increase their cfi:ectivene.ss. With 
wound infection .still the most common and serious single hazard of 
surgery, it follows that the surgeon's interest should be directed to the 
sulfonamide drugs in a quest for the particular form and type of ad- 
ministratio]! best suited to his needs. For this reason it seems only 
natural that the surgeon's study should turn to the direct application 
of the sulfonamide drugs to tissues in an attempt to prevent and con- 
trol infection. Contradictory results and opinions'"^ have been published 
recently regarding the efficacy of this method. Part of this controversy 
arises because the authors fail to make clear whether or not they are 
treating tissues already infected or ti.ssucs merely contaminated with 
bacteria and therefore sites of potential infeetion. IMelene}' and his 
a.ssociates^ have published the most recent and exhaustive study yet 
made in man of the value of the direct application of the sulfonamide 
drugs to what they termed contaminated wounds. They dhuded the pa- 
tients used for controls and those treated with sulfonamides intp groups 
based on the amount of tissue damage and the degree of bacterial con- 
tamination present in the wounds at the time of treatment. They con- 
cluded from this study that the local application of sulfonamide dimgs 
to contaminated wounds will not reduce the -incidence of infection in 
such wounds. They regarded the wounds being treated as contaminated 
wounds, but they stated that the eases Avei-e divided into two gi'oups, one 
group in which the wounds were treated within three hours and the 
other in which they were treated after three hours, from the time of 
the accident. It would seem that in this latter group some of the 
wounds would be truly infected wounds, not merely contaminated. It 
is significant to note that in the discussion of this paper, Lockwood, one 
of the collaborators, pointed out that their conclusion did not mean that 
on the battlefield the direct application of the sulfonamide drugs to 
contaminated but not yet infected wounds was of no value. He belieA'’ed 
the sulfonamide drugs should be used on such emergency occasions on the 
battlefield to prevent the multiplication of organisms while casualties 
await Lirther treatment. 

Received for publication, Sept. 20, 1944. 

'Fellow in Surgery, University of Toronto. 

22 



MOKE: sni,EATHrAZOEl': WITH IXl-’Kn'IOXS IX .m'HOICAE INCIStOXS 


23 


Q’liis jtrost'iil ])a])('r iloiils with the jiossihility oi iii'in'ciiliiifi wound 
infoetions in Hoaii snrj>ical incisions, by the appHciilion ol siillonainidc 
dni'is to such incisions before there is opportunity ior eonlaniination to 
occur. The clear division of wounds into (I) thosi* in whieli iniection 
is o.stablislied, (2) those in which eontaniination is alrca<]y present belorc 
the sulfonamide drill's are ajiplied. and (3) those in which the eontani- 
ination occurs after the a])plicalion of the sulfonamide drill's, should be 
kept in mind, and results of the treatment of these three •rroups of 
wounds should not be confused. 


The present study was undertaken becau.se of the freipient and serious 
infections which develop in the incisions made for lobectomies and 
l)neumoncctomic.s. 'When a number of such incisions had been treated 
by the direct application of sulfathiazolc before contaminiition of the 
incision had oeeuiTcd, the results appeared of sufficient interest to com- 
pare with those followin'^' similar incisions not treated with any sulfona- 
mide drug. The only ca.ses available for comparison were an eiiual 
number of patients in whom lobectomies or pneumonectomies had been 
done in the period immediately jireceding that in which sulfathiazole 
was employed. Aside from the application of .sulfathiazole to the in- 
cisions in the one grou]) there arc also some minor differences in the 
treatment used in these two scric.s of cases which will be di.scussed fully 
in their pro])er place, but tho.so are not of sufficient importance to i)re- 
clude a comparison of the results in these two groups. 


MATEiUAE AXD JIKTHODS 

Seventy incisions for lobeetomies*' and pneumonectomiesf were 
studied. The incisions in all but onej ease were curving incisions ,iusl 
below the scapula, approximately over the fifth or sixth interspace, ex- 
tending from close to the midline jiosteriorly to just beyond the anterior 
axillary line anteriorly and measuring from 30 to 35 cm. in length. 
The incisions passed through the skin and subcutaneous tissue, and 
posteriorly through the trapezius and rhomboid muscles, anteriorly 
through the latissimus dorsi and serratus anterior. The control or prior 
group consisted of thirty-five ]3atients. The age of these patients ranged 
from 9 to 52 years, the avei’age age being 31. The experimental group 
consisted of the thii*ty-five patients operated upon in the period im- 
mediately following that in which the control group of patients came to 
opei’ation. Tlie age of these patients ranged from 11 to 57 years of age, 
tlie average being 32. In the incisions of this experimental group not 
more than 2 Gm. of sterilized sulfathiazole poAvder were rubbed into 
every nook and cranny of these extensive incisions before opening into 
the pleural earuty, thus producing a film of serum and blood saturated 


*LiObectomy refers to the removal of individual lobes. 
tPneumonectomy refers to the removal of a complete lung. 
JA shorter anterior incision was used. 
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mill snlfatliiazole overlyiii'r all of llie exposed tissue. The lung le.sions 
for ivhich lobectomy or pnenmoneeloiuy were done in both groups of 
ea.ses are set forth in Table I. From this table and the preceding para- 

Tahlf, 1 

Frequenty oe’ Ixrr.srox.iE Tn’E'ection'.s i.v Keeatio-v to tiee Ltr.vci Leseo.v.S' foe: 

WlEECH LoBEECTOMY AXD PXECMON'Ef.TO.M Y WeEIE PoXE EX BOTII 
COXTKOE, AXE) ExI'EIEEEMEXT.M, GIEOEE’.S 


i.Esrox 

1 rNTIlKATKP WOUKDS 

1 TEIEATED WOUXEIS 

N’O. or 

CASES 

XO. OF 
worxE)S 

exfe;cteii 

PErt CENT 

or 

WOl'N'DX 

IKKErTEK 

XO. or 
CASES 

XO. OK 

worxps 

IXKECTEn 

I’Ei: CENT 

or 

WOUNDS 

IXKECTED 

CareiiiOEEEBi : 

• 1 

1 

■i ilH 




Broncliiectasis 

15 

4 



a 

17.0 

Bung iil).“ces.s 

10 

7 

70.0 


1 

12.5 

Tuberculo.si.s 

• t 

EI 





Cvstic disca.^o | 

• t 

1 


0 



Hemopfv.'-is 

1 

0 


1 



Broncliial stricture 

0 

f) 


1 



Neurogenic sarcomsi 

0 

0 


1 



Total 

S5 

1.-! 

;:7.i 

.‘>5 

4 

11.5 


graph the two scries Eire seen to form closely compai-able gi’ouiis of cases 
both from the point of view of age and the pulmonary h'sions for wliich 
the operations were undertaken. 


RESULTS 

The re.sults of treatment of the wounds with sulfathiazole as comjiared 
with treatment omitting the direct a])])lieation of any sulfonamide 
compound to the wounds is sot forth in Tables I and II. the former 

T^vble II 

FKEQUEXCY of IXCI.SIOXAL IXFECTEOX IX TWEXTY-FJIE Ca.SES OF EUXC ABSCE.S.S 

AXD Beoxchiectasis From Both the Coxteoe.. axe) E.\]*EEiMEXTAry Groups 



1 UXTREATED WOUXUS 

1 TREATEJ) WOUXDS 

LESION 

NO. OK 
CASES 

NO. OF 
WOUNDS 
INFECTED 

PEU CENT 

OF WOUNDS 
INFECTED 

NO. OF 

CASES 

NO. OF 
WOUNDS 
IXFE(’TED 

Pi:u CENT 
JF WOUNDS 
INFECTED 

Bung abscess 

10 

7 

70.0 

s 

1 

17.0 

Bronchiectasis 

15 

5 

33.3 

17 

3 

12.5 

Total 

25 

12 

48.0 

25 

4 i 

10.0 


group being referred to as treated wounds and the latter as untreated 
wounds. Among the thirty-five cases of the untreated control group, 
tliirteen wound infections occurred, an incidence of 37.1 per cent. It is 
of importance to note that all of these infeetions were serious, usually 
developing a definite abscess and spreading cellulitis of the chest wall 
requiring either simple opening of the incision or more radical surgical 
drainage. The organisms from these infected wounds varied from pure 
cultures of Sfreptococcus liemolyticus. Staphylococcus aureus, and 
Streptococcus viridans to the typical mixed flora found in infected 


























iMoKi:: sm.rATiiiAZOM; with infkctions in srunuwi- ixcisioxs 2 ^) 

hings. Eleven of these infections (levelt>])e(l between the sixth iind tenth 
days jiosloiicratively, wliile one oeeurred twelve days and another seven- 
teen days postoperatively. 'I'wclve of tliese wound infections developed 
in eases wliere operation was carried out foi* the excision of gi'ossly 
infected lungs. Four of the.se latter wore ca.scs of hroncliiectasis, .seven 
were ca.scs of lung abscess, and one was a ease of congenital cystic 
disease of the lung. The remaining infected wound occurred in a patient 
with a bronchogenic carcinoma. In nine of the.se patients with infected 
wounds, om])yemas develo])ed. It is not ])o.ssihle from the available data 
to determine how often this serious complication was secondary to the 
ijifeclcd M’ound, hut in a few of lho.se ca.scs wliicli came under my own 
observation, it was seen that when a i)ationt who sufi’cix'd fi'om a wound 
infection coughed, bubbles of air and pus were forced out of the incision 
in the expiratory phase and dui'ing the inspii’atoiy i)lia.se this pus was 
sucked back into the i)leural cavity. In tlic.se jiaticnts sterile pleural 
effusions were present before the clinical detection of the infected 
wounds. 

In the thirty-five ca.scs of the treated or experimental group, four 
wound infections occurred, an incidence of 11.5 per cent. Three of the 
wound infections were slight. One occurred at the end of six days; 
culture yielded a pure growth of Sircpiocnccm hcmohjticns and em- 
pyema followed the wound infection. Two of the wound infections oc- 
curred three weeks after the operation, at a time when the wounds were 
apparently well healed. The same jicculiar features occurred in both 
cases. "Within the course of a few days the e])ithelium thinned out, 
the incision broadened at many points along the wound and finally 
broke down, producing multiple superficial ulcerations udiich yielded a 
culture of StapJujIococc^is anrevs in the one ease and mixed organisms in 
the other. Five weeks later there occurred in one of these cases a clin- 
ically detectable empyema. The remaining case of wound infection in 
the experimental series w'as extensive, characterized by a copious serosan- 
guineous exudate associated with mild infection. Empyema also de- 
veloped in this iDatient. 

It is interesting to note that in both series the majority of infections 
developed in cases where operation Avas performed in the presence of 
grossly infected lung tissue. This is clearly shown in Table II. In the 
control group, tAvelve of the infected Avounds occurred in a total of 
tAventy-five cases of bronchiectasis or Inng abscess, an incidence of 48 
per cent, Avhile in the experimental groAip in an equal number of similar 
eases AA^ound infections developed in only four, an incidence of 16 per 
cent. 

DISCUSSION 

These results strongly suggest that sulfathiazole poAvder rubbed care- 
fully into a recent clean operative incision Avill decrease the incidence 
and severity of Avound infection that might otherAvise have developed 



20 


SUI5GKRY 


from bacterial contamination occnrriii<r later in the coni'se of the oi)era- 
tion. However, there arc some differences in the treatment between 
the two groni).s of cases which must be considered before aecni'ate con- 
clusions can be drawn from the results ])resented in this ])a])er. 

Some difference existed in the method of closing the chest, in the 
two series. In the control .series, twenty of the chests were ti'eated by 
clo.sed drainage® following operation, while the remaining fifteen patients 
were treated by complete closuref of the chest. Tliis latter method was 
used in thirty-two cases of the ex])erimental series. It might be felt 
that this diff’erence in treatment could account for the increased inci- 
dence of infection in the wounds of the control group. Ilowever. an 
analysis of the control grouj) slunvs that five wound infections develoi)cd 
in the fifteen eases in which the clie.sts were coin])letcly closed, an inci- 
dence of 33.3 per cent, while amonir the twenty cases treated by closed 
drainage, wound infection developed in eight, an incidence of 40 i)er 
cent. These results appear to indicate that the difference in the method 
of closing the che.sl was not an important factor inliuencing the develo])- 
ment of wound infections in thc.se ))atients. 

In the two groujis of cases under consideration there was some dif- 
ference in the technique of removing the lung. In those treated, all 
the pneumonectomies and all except one of the lobectomies were done 
by the dissection method. In this method, dissection of individual struc- 
ture.s and separate ligation of the.se structures close to the lung hilus 
was cai’ricd out and the main bronchus of the lobe was cut as far proxi- 
mall.v as po.s.sible. In the control serie.s, nineteen of the operations were 
done by this same method but fourteen lobectomies were done b.v the 
tourniquet method.^ Here the lobe to be removed was freed until a 
tourniquet could be passed about a small pedicle of lung tissue, including 
its bronchi and blood vessels. The lung was cut distal to the tourniquet, 
and the pedicle of lung tissue ovensewn before the tourniquet was re- 
leased. In all patient where a lobectomy was done by the tourniquet 
method, closed drainage of the pleural cavity was carried out. A good 
deal of unavoidable bacterial contamination of the pleural cavity and 
wound must re-sult during removal of lung tissue b.v the tourniquet 
method. However, the incidence of Avound infection in the fourteen 
cases in Avhich the tourniquet method Avas employed in the control series 
Avas only 28.5 per cent. Tliis is less than the incidence of infected in- 
cisions in the total control group. 

It is also intere.sting to note that in the control series tliere are fifteen 
cases in Avhich the dissection technique of removal of the lung and 
complete closure of the che.st Avere done. These fifteen cases compare 
identically in these respects Avith thirt.A'-four cases of the experimental 

„ Hirtieht ntting tube in’o tlie pleural cavity with tlie other end under 

fluid below the bed level. 

tKefers to complete cio.cure of the operative incision with no provision made for 
draining the pleural cavity. 

tAll of these chests were drained. 
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iirouj). Aiiionsj those fiftoon onsos in the ooiitvol ^ruu]) Iho iiioulouoc oi 
wovuul int'oclion \v:is 1^2,2 ]h' 1 ‘ cent ns ooiiipnvod to nn incitloiiec of 11. o 
per cent in the oxporiniciilnl }rroup. 

The <lovo1o]iiiiont of m-ouiuI iniVotion imisl deiKMul lar-foly on the 
degree of contniuinntion of these ineisions, whieli in turn dejiends to n 
great, extent on the infeetion in the luyg. The mo.sl severely infected 
lungs are those of hronehieetasis, lung ahsec.sses, and congenital cystic 
disease of the lung. In the }n'ioi- group all hut one of the wound infec- 
tions occurred in cases of lung abscess or hronehieetasis, while in the 
experimental group all of the wound infections occurred in similar case.s. 
In the untreated group there were .seven Avound infections in ten ea.ses of 
lung abscess, and five wound infections in fifteen cases of hronehieetasis. 
In the experimental series, there was one wound infection in eight cases 
of lung abscess, and three wound infections in seventeen eases of hi'on- 
chieetasis. These figures are .shown well in Table 11 and it is significant 
to note that in the group of eases of lung absec.ss or bronchiectasis in 
the control .serie.s, the incidence of wound infection in twenty-five cases 
is IS per cent, while in an cipial number of similar eases in the experi- 
mental gi'oups the incidence of wound infections is only 16 ])er cent. 
However, the greatest difference in the incidence of wound infection is 
among the eases of lung abscess where 70 per cent, of the wounds were 
infected in the control group and only 17 jicr cent in the experimental 
group. In these cases of lung absco.ss, aside from the local application 
of sulfathiaxolc in the cxpevimental group, no difference in the operative 
techniciue existed between the two groups which might account for this 
great difference in the incidence of wound infection. 

The method of the general administration of sulfonamide drugs dif- 
fered between the two groups of patients studied. In the control series, 
sulfonamide drugs when administered, were most often given within 
twenty-four to forty-eight hours after operation and by mouth, Avhile 
in the experimental group all but nine of the patients received sulfa- 
thiazole intravenously on the day of operation. Six of the Avound infec- 
tions developing in the control series AA'ere in patients aa'Iio received 
some sulfonamide compound by mouth Avithin tAventy-four hours after 
operation, AA'liile the four Avound infections occurring in the experimental 
series occurred in patients Avho received sulfathiazole intravenously on 
the day of operation. 

Blood loss Avas treated in both groups of patients by transfusions of 
adequate amounts of AA'hole blood during and after operation. While 
some details of postoperative care varied from time to time, there AA’-ere 
no significant differences in this respect betAveen the control and experi- 
mental group. It is scarcely possible to consider variation of general 
resistance to infection among the different patients. 

Prom this analysis it appears that the only factor influencing the 
different incidence of Avonnd infection in the tAvo groups of ineisions 
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compared in this study was the careful a])])lication to tlie Avounds in the 
experimental group of sterilized sulfalhiazole i)owder before oi)eninu 
into the pleui-al cavity. In order to determine if tlie dilTercnt incidence 
of wound infection in those two groups could arise merely from chance 
difference, the figures from the two groups of cases were subjected to 
a statistical analysis according to accepted statistical methods as de- 
scribed by HilP and Campbcfl." This analysis demonstrated that the 
differences in the results between the ex])erimental and control groups 
and the difl'erences between the subdivisions of groui)s of cases of 
bronchiectasis and lung abscess were al! statistically significant. 

In view of the mixed flora pre.scnt in infected lungs, the local aj)])lica- 
tion of sulfathiazole in the prevention of wound infections in the experi- 
mental group would seem to indicate activity_ against a wide variety of 
organisms. In vivo and in vitro studies ])oint to the fact that the bac- 
teriostatic effect of the sulfonamide drugs is agaiiist a large number of 
organisms.*''’' Po.ssibly many of the wound infections that develo]) in 
cases of this type are of a .symbiotic nature, and bacteriostatic action 
against one type of organism is all tliat is ncce.ssary to prevent the 
development of infection. 

Regardless of the exact mode of action of the sulfonamide drugs, the 
patient's own defenses play the final role in the i)rc vent ion of Avound 
infection. Suppression by the sulfathiazole of the activity and multi- 
plication of bacteria prcA'cnts rapid destruction of the patient’s tissues 
and alloAVS the individual 's general antibacterial and local intlauAinatory 
defenses to come into action before active and definite infection has 
occurred. It Avould appear that this Avell-developed local intlammatory 
response Avould be much more effeetiA-e in destroying a feAV bacteria 
present in the Avound, than could be possible if infection Avere Avell 
established and causing de.struction of tissues Ijefore the inflammatory 
reaction had reached its height. 

A study of tAA'o of the AA’ound infections in tlie experimental group 
is most enlightening in an attempt to understand the effect of sulfa- 
thiazole as used in this group of patients. Both Avounds Avere apparently 
AA'ell healed and completely epithelized. Three Aveeks after operation 
thei'e AA’as a sIoav AA’idening of the incision at many points, finally result- 
ing in multiple supei-fieial ulcerations. In one case the organisms cul- 
tured AA’ere Staphxjlococcut; auj-eus and in the other a mixed flora AA’as 
found. It AA’as apparent that organisms lying throughout the AA'hole 
length of these Avounds had remained relatively dormant for three 
Aveeks. Then, due to unknoAAii factors, their relatAe virulence increased 
to a point AA’here they Avere able to produce active infection. In spite 
of this apparent masking of wountl infection it is important to point 
out that these infections iccrc slight compared to any of the woxind in- 
fections that developed in the control sei'ies and especially insignificant 
compared to some of the large abscesses occurring in the control series. 
It also seems AA’orthy of note that these infections occurred at a time 
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when the clcepov stvuctiiri's would he well henlod. iind therefore peue- 
tralion into the pleural cavities would not bn as likely to oecui’ as in the 
infections occurring in the control group around tiie sixth to eighth 
day after operation. 

Numerous objections have been raised to the local application of 
sulfathiazole to wounds. One of lhe.se objections is that it delays heal- 
ing. This seems unimportant . if its use prevents the mortality and 
morbidity arising from wound infection. In the experimental group, 
the sutures were removed between tlic sixth and eighth day and all 
except one of the wounds aiipeared well healed. Dthers sugge.st that 
all of the advantages of the direct application of sulfathiazole can be 
accomplished by the intravenous use of the drug but this is not sub- 
stantiated in the present study, ^loreover, while idiosyncrasie.s and 
sensitivities to the sulfonamide drugs do occur,'"’" serious reactions are 
encountered more often when these drugs are given by mouth or intra- 
venously. In patients who are .sen.sitive to the sulfonamides, the local 
application of these drugs may result in a local reaction of hyperemia, 
serous exudation, and delayed healing, and may well form the basis 
for one of the infections in the experimental gi'oup which showed only 
mild infection but a copious serous exudate. Tlie recent inti-adermal 
lest for sensitivity to the sulfonamide drugs developed by Lcftwick’® 
could be used preoperatively to exclude such individuals in whom the 
local use of sulfathiazole would be contraindicated. In spite of these 
objections the logic of the local use of sulfathiazole over other methods 
of administration for the prevention of wound infections under the 
conditions in this study is apparent when we consider tliat the direct 
application of sulfathiazole accompli.shes the maximum concentration 
of the drag at the most effective ])lacc and at the optimum time, with a 
minimum dose. 

It should he stated here that the use of sulfathiazole as carried out 
in the experimental group is no substitute for careful surgery. However, 
in spite of all precautions some operative procedures cannot be done 
without producing some contamination of the incision. 

All of the facts presented suggest that sulfathiazole applied to recent 
sterile operative incisions tends to dcei-ease the severity and reduce the 
incidence of infection which might otherwise be expected to occur in 
such wounds as a result of subsequent unavoidable bacterial contamina- 
tion. Ever since Lister’s attempt to produce antiseptic surgical tech- 
nique, surgeons have continuously sought for a technique to prevent 
organisms from getting into wounds and establishing infection. The 
evidence in this paper indicates that the method described accomplishes 
tins to a large degree in certain types of wounds by destruction of con- 
taminating organisms lief ore infection occurs. The facts also suggest 
the principle that bacteriostatic drugs applied to a wound surface allow 
the natural defenses of the body to destroy organisms more effectively 
tlian these drugs can aid the body in the resolution of an already estab- 
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lishecl inl’eelioii. Tn order to obtain a true e.stiiiiatc of the value of the 
local use of sulfathiazole in sueli operative incisions, further carefully 
controlled trials of this method of the use of sulfathiazole should he 
made on a series of alternate patients in whom the operative incisions 
are subject to unavoidable suhse(|uent contamination. Some situations 
in which the method mijilit he tried to good advantage are incisions for 
perforated appendix, perforated j)eptic ulcer. ))eritonitis of any origin, 
empyema, and drainage of a i)yonephrosis. Certainly the favorable 
results reported in this study i)rovide am])le justification for further 
investigation of the method de.scrihcd. and as ])cnicillin becomes available 
for civilian use, studies along these lines with this new drug may prove 
fruitful. 

.SUM M.\UV 

1. Wound infections occurring in thirty-five thoracic incisions for 
lobectomy and pneumonectomy treated by ap])lyinir sulfathiazole to the 
womid before opening the X)leura were studied and compared with wound 
infections in an eciual number of similar incision not treated by the 
local use of sulfathiazole. 

2. Thirteen wound infections, an incidence of 37.1 per cent, occurred 
in the control group, while only four occurred in the experimental 
group, an incidence of ll.o per cent. This difference was shown to be 
statistically significant. 

3. All except one of the wound infections in the control group were 
in cases of bronchicstasis or lung absce.ss with an incidence of wound 
infection in these cases of 48 per cent, while in the experimental group 
all of the wound infections were in cases of lung abscess or bronchiectasis 
with an incidence of wound infection in these cases of only 16 per cent. 

4. After a discussion of other factors which might have accounted for 
this ditference in the frequency of wound infections in these two groups 
of cases, it was concluded that sulfathiazole applied locally in the ex- 
perimental series was the only important factor to which the reduced 
incidence of wound infection in the experimental group could be at- 
tributed. 

5. Since the publication of Meleney's work-’’ there has been a fairly 
widespread feeling that the topical application of sulfathiazole has no 
place in surgery. The conditions under which his study was made were 
entirely different from those of the present study and it seems important 
that the local use of sulfathiazole should not be abandoned under all 
circumstances without first considering each situation on its own merits. 
In consideration of these facts and the favorable results of the present 
investigation it is suggested that further carefully controlled trials of 
the use of sulfathiazole by the method described in this paper should 
be carried out. 

I wish to acknowledse the kindness of Cr. AV. E Gallie for permission to use the 
case records from the Surgical Sen ice of the Toronto General Hospital from whiclr 
this study was made. 
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APPENl^ICITIS AND THE SUL]<’ONAMTDE DEUGS 


Eobeht L. Sewell, SI.D.,*" P’ort Worth, Texas 
(From the Department of Surgery, The University of Fochester School of 2lcdieine 
and Dentistry, Fochester, K. Y.) 

T he local and the systemic use of tlic sulfonamide drugs in acute 
appendicitis has changed the attitude of many surgeons toward 
several phases of the operative managemenl. 

“Where there is pus, drain,” “In ease of doubt, drain,” “The worse 
they smell, the sooner tliey’re well,” and other slogans have been, until 
recently, potent enough to neutralize any given number of arguments 
to the contrary. Although well-controlled experimental work and clin- 
ical observations for years have established the fact that drains drain 
only a fev' hours, and are virtually u.seless in as diffuse a thing as gen- 
eralized peritonitis, they are still videly used. The operator who has 
been confronted previously by pelvic and snbpbrenic abscesses under- 
standably leans toward any procedure that may forestall their oc- 
currence. Certainly it seems good sense to leave a route of egress for 
any noxious material. 

It is significant, then, that in dealing with perforated appendices 
surgeons, vdth no qualms, are now elo.sing wounds without drainage. 
Their readiness to dispense now with drainage will probably still be 
gratifying to the exponents of the nondrainage technique who have 
spoken forcefully toward this end for some years with but few con- 
verts. 

Similarly, but le.ss important, ax-e the changes of attitude I'egarding 
the use of silk or cotton sutixre material in contrast to the more popular 
catgut. It has become appai'ent that tlie use of the less irritating silk 
or cotton, will reduce the number of wound infections while giving a 
stronger closure. With the advent of the sulfonamide drugs used in 
the operative field, a few surgeons have been encouraged to use these 
matex’ials to achieve such benefits. 

Inasmuch as the source of this report is a collection of cases from a 
clinic in which the “no-drainage” and silk techniques have been used 
extensivelj', especially prior to the sulfonamide era, by a number of op- 
erators, we hope to show just what advantages they afford. In contrast 
to these stixdies and as a conti’ol, thei'e are the cases of surgeons who 
during the last eight years uniformly used di’ains in all instances of 
pei’itoneal contamination, and performed the suturing with catgut. 

To pick up the thread of the stoiy and to see how these observations 
developed, we go back about eight years to 1936. In brief, before this 
time, the appendix was removed thi’ough a McBurnej" incision, catgut 
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A. siMi’ia; An'Ti; Aner.NnK'rns 

Certainly it ajipears that drainaiie often predisposes (o wound infec- 
tion. The {Treat disj)arily hero su{r{rests that the eolleetion of .serum 
about Die folds of tlie drain provides a medium for (he prolifcriiitoii 
of bacteria, whereas ti{rbt elosure may eircumvent this. 

Suhcnlrnicons Drainage . — The idea of drainaire of the subeulaJieou.s 
tissues alone springs from the liope of jnininmhif/ wound infections, 
but there was very little change in their extent as compared with tlio 
undrained ones. Tlic total time elapsing fj'om the lime of operation 
until the ee.ssatjon of draijiage .showed that tliose roeoiving primarj/ 
subcutaneous drainage took, as a rule, several days less to heal finally. 
On the other hand there were niany moi-e of them. 

Inirapcriioncnl Drainage . — At the |)re.sent ihei-e is no eoJiimon usage 
of intraperitoneal drainage for sim])le acute a]ipendieilis. It will be 
enougli, then, .simply to point out the inci'eased numbei’ of wound in- 
fections which followed. 

As a whole, Table I reflects what a majority of surgeons have gathered 
from their own exijerience, jmrticularly regarding wound infections. 

B. GANGRENOUS APPENDICITIS 

Gangrenous appendicitis (without perforation) has been separated 
from simple acute appendicitis in this study for one reason. It has 
been evident for some time that gangrene of the appendix is associated 
v/ith heavier bacterial extravasation into the free peritoneal cavity than 
if gangi-ene were not present. Thus it should reasonably be expected 
that more infectious complications would result. 

Actually there were positive cultures of the peritoneal fluid at the 
time of operation in 88 per cent of the gangrenous wounds as contrasted 
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Table H 

Data o>c 100 Cases of Gaxgrekous Aitexpicitis AVitiioet Gross PEitKor.ATiox or 

COXTAMIXATIOX OF THE PKRITOXEUM 



XUMBEIl 

subreqttent 

■\YOUXP IKFECTIOKS (^/c) 

No drainage 

70 

29 

Subcutaneous drainage 

2.5 

72 

Intraperitoneal drainage 

5 

inn 


•with 38 per cent in the simple acute tyjjc shown in Table I. As a result 
of this increase in the presence of bacteria, there were 29 per cent wound 
infections in the group in which drainage was not done, and 72 per cent 
wound infections in the ones drained subeutaneouslv. In addition to 
these Avound infections there were three pelvic abscesses, two of which 
required drainage. One of these two had been drained intraperitoneall.v 
and into the pelvis — certainly a suggestion of the inadequacy of drains 
in preventing deep intra-abdominal absce.sses. 

Thus far then, we have demonstrated the abilit.v of the peritoneum 
to resist purely bacterial contamination as well as the distinctly in- 
ferior resistance of the abdominal wall tissues. In the latter the infec- 
tion localizes usually in the poorly va.seularized subcutaneous fat while 
the deeper muscles, uith relatively richer blood supply, are less apt to 
be iuA'olved. 


C. PERFOR.VTED .APPENDICES WITH PERITONITIS 

In the case of perforated appendices Avhere there is not only ma.s.sive 
bacterial contamuiation but also A’arying amounts of particulate matter 
from within the gut, the resistance of the peritoneum to infection is 
severely taxed and that of the abdominal Avail tissues is usually over- 
whelmed. 

Table III 


D-Ata ox 15.5 Cases of Acute Appexdicitis AVith Perfor.atiox axd Gross 
Coxtamixatiox of the Pep.itoxeuji (1936-1911) 



KUMBEU 

WOUND 
INFECTION 
ONLY {</c) 

% ixtp.a-.abdomixal 
abscesses (pelvic 

.\xn SUBPHREXIC 
abscesses, persistext 
PERITONITIS) 

FATALITIES 

No drainage 

51 

49 

28 

11.8 

Subcutaneous 

drainage 

44 

52 

30 

13.6 

Intraperitoneal 

drainage 

60 

40 

57 

2?,.?, 


AVhile sunple Avound infections Avere quite common in this group, the 
great difference lies in the type and severity of the infectious sequelae. 
This is again reflected in the fatality rate of this period (1936 to 1941). 

Persistent Peritonitis. — Those patients aa'Iio had signs of peritonitis 
(pereistent fever, rigid abdomen, no peristalsis) for as much as forty- 
eight hours after operation are listed in Table lY. 
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As a coinplieatin<r faelor. intestinal obstruetion of the meehanieal 
type (usually due in these eases to a Icinked looj) or adhesions) added 
greatly to the mortality. It u.sually at)]ieared from four to ten days 
after operation. In contradistinetion to the ileus of peritonitis there 
was not a sustained fever, and most imimrtant, we feel, there was jiroin- 
ment and pershstent hyper])ei-islalsis aeeoniimnying the distention. 
Levin tubes for gastric and duodenal suction often availed but little 
and at this time (up until 1940) we had not used the itiiller- Abbot 
type of tube. 

SIIUv AND CATGUT 

Prior to 1939, catgut was used praeticall.v exelusivel.A' in all cases 
of appendicitis. At this lime several surgeons began using silk suture 
material throughout, but limiting the practice to cases of simple acute 
appendicitis. There Avas no other change in technique The results, 
as comiiared Avith the preAious 639 cases in Avliich catgut Avas used, are 
tabulated in Table VII. 

These Avere not selected cases. We feel that the increased number 
of Avound infections Avith catgut may be laid to the disintegrating cat- 
gut serving as a nidus about AA'hich bacteria can proliferate, Avhereas 
this reaction about silk may be minimal. 
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Table VII 


The Use of Silk akd Catgut Suture Material Throughout in Acute 
Appendicitis Without Perforation 



OF CASES 

WOUND INFECTIONS 

PER CENT 

Silk 

-u 

1 

2.4 

Catgut 

039 

02 

9.7 


Our original purpose was to extend the use of sillv, nylon, and cotton 
to contaminated Y'ounds and, actually, this vas done. However, at this 
.iuncture the local use of the sulfonamide drugs came into prominence 
so the last step in the changing technique reflects both the use of silk 
suture material and the sulfonamides. 

Technique . — Let us recapitulate for a moment on the technique which 
had thus evolved by 1942. iMcBurney incisions, no drainage, the use 
of silk (or nylon or cotton) suture material, and the use of the sul- 
' fonamide drug’s were fairly well established. To what extent all of the 
operators adiiered to these methods in the next 300 consecutive cases is 
shown here: 

IMcBurney incisions used in 100 per cent of- the cases 
Sillv suture material used in 96 per cent of the eases 
No drainage used m 99.3 per cent of the cases 
Sulfonamides used intraperitoneally and in the wound in 97 
per cent of the contaminated (perforated) cases; in simple 
acute appendicitis it was used at the operator’s discretion 

The re.sults in the last 300 ca.sc.s have been more than gratifying, 
first in the remarkably low mortality, and second in the paucity of in- 
fectious complications. The entire story is told in Table YIII. 


t.vble TUI 

Besults of the Last 300 Cases of Acute Appendicitis 


— — ■ 

CASES 

INFECTIOUS COMPLICATIONS 

DEATHS 

Acute 

232 

2 wound infections 

0 

Gangrenous 

Perforated 

31 

1 wound infection 

11 wound infections 

0 

appendices 

OC> 

• JO 

2 pelvic abscesses 

1 subplirenic absce.ss 

1 

Abscesses 

4 ( drainage, 
catgut) 

4 wound infections 

0 


Overall mortality 

0.3% 



Several features of this type of management require some further 
elaboration. 

1. Wound Infections . — Wound infections were unusual, and those 
that occurred did not persist unduly even vith silk in the wound. 
Despite the presence of infection about the appendix at the time of 
operation, the vast majority heal with no difficulty at all. Those that 
became infected drained, as near as we could judge, about 50 per cent 
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loii^or llijin till' .'ivcnitro r.'ilmil wouml. In <nir <)|>iiii(iii lliis is ji sin;iil 
pri('i' to ])ny for llir liirur umnlu-r of toljilly uiiitifoclcii \\diitnls. 

On 11)0 oilier linnd, \ve ore offerintr Jio .sl.’itisties on uonnds in nliieli 
aiinnf Jiml the sulfonmnide drills were nseil, :is there were eoni]iarji- 
tively few of tliese. Despite the jirotraeleil anniineiit over the iiiei’ils 
of oatfrut and of silk, we »lonlil very nnieli if atiy life has (‘ver heeii lost 
or any frreat harm done* from the nse of one snlni’e matei-i:il over tlie 
other. We are hert* simply (‘inphasizin'^ onr own e.\])eiienee with the 
noinihsorhahle snlnres whic-Ii. both befon- and since the ixeiieial nse of 
tlic sulfonamides, have rc'dueed tin* number of wound infections. 

2. Pdvic Ahst'f sst the last dOO ease.s only two pidvie ab.see.sses 

were dridned. This statement jierhaps does not represent the true situ- 
ation ill tliat at least seven other wounds .showeil an iiillammatory 
proee.ss goiii" on in llm jielvis which re.sorbed with no other therapy 
than enntiiiiied adiiiini.siralion of the .siilfonamidi! drills (usually 
sulfadiazine) by mouth. The.se pelvic iiitlammatioiis ajipeared from the 
third until the tenth day. and were ai-eom))anied by moderate fever, 
pulse elevation, ami leiieoeytosis. 'I'lu're was a bofroy mass paljiable 
])er rectum and. .somewhiil le.ss fre(|uently. tmiesmus. However, none 
was drained, nor wjis there reeiirreiiee of the mass in any. 

rOM.MKNT 

While this comiiiuniealion was intended to deal mainly with the 
changes in lecliniiiuc during the. last few .veal's, it is onl.v fair to iiieii- 
lion one other factor which is also an’i'cling the pre.sent picture. This 
is the obviously earlier diagnosis and ojieration in :ippendieilis. 


Taiiu: IX 


] 

■Ki: eiiNT IN' U.i.'M 

PEK n:N'T IN' lil.'SS 

riat CENT IN' nil 2 

Acute 


71 

70 

Gangrenous 

in 

8 

10 

Perforated 


Ki 

12 

Abscess 

10 

5 

O 


The shift, awa.v from iiatients with aiipendioil aliscess and peritonitis, 
and the increase in the simple acute eases need no further elaboration. 


SUMMARY 

1. A lessening of wound infection and an apiiarent lowering of mortal- 
ity were attained when all foi'ms of drainage of the peritoneum and ab- 
dominal M^all were relinqui.slied. There was no perceptible increase or 
decrease in the number of intra-abdominal abscesses or in generalized 
peritonitis. 

2. The use of silk suture maternal reduced the number of wound in- 
fections appreciably. Those wounds rvliieh loere infected drained ap- 
proximatelj’^ 50 per cent longer than the usual wound in which catgut 
was used. 
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SURGERY 


3. The use of the sulfonamide drugs locally, used in conjunction u'ith 
silk suture material and no drainage, has shown remarkaljle benefits in : 

a. Lowering the mortality still further 

b. Lessening wound infections 

c. Kedueing severity of wound infections 

d. Lessening the number and severity of intra-abdominal 

abscesses 

4. The use of the sulfonamide drugs and the no-drainage technique 
has already been accorded general acceptance. The chief purpose of 
this paper is to accentuate this. The choice of suture material is a 
factor which plays a lesser role. Our preference is the nonabsorbable 
suture material, for with it there seems to be a decided lessening of 
wound infections. 



TllH I’KHVKNTIOX (»K f^TAPUYhOCncc’rs IXI-'HCTIOXS OF 

TIIH PHKITOXKF.M 


iJoi.KiN' A. nANir.t., .Iii., M.D., ANH Tjiomas .1. llni.niiuoK. M.I). 
Xasiivii.i.i:. Ti:nn. 

('f'rr)m the Jif pnrimrj^t of A'lirijf 1 1/. Viituh rlolt /'m'l < r.'if v SrJuxil of Mi iliriiir ) 

M ethods of st»<ly of infoOioiK in iiniimils iilwiiys ontJiil frmit 
ilifiioulty in the control <(f in, -my fm-tors wliidi inllncnci' tlic coni'sc 
of the infection, t'ontro! of the virulence of tlie ore.'inism is only one of 
the factors which has to do with the creation of infections which ar(‘ 
similar in different animals. In sttnlies of the effects of the sulfonamides 
I'.v many invest inatoi's. these variable factois have* heen eonirolled in 
])art hy the n.se of larp- nnmhei-s of .small animals. [Mice are u.sually 
used .and in most studies microoruani.sms have heen administered intra- 
venously and the various drutrs jxiveii hy mouth. By varyiufi: the num- 
ber of orfjanisms in.iected and the dose of dnnr used, the comparative 
efficacy of the drufrs can he a.ssayed with a fair defxree of accuracy. 

An evaluation of the effect of hacteriostatie, a^rents which are im- 
planted in contaminated wounds is <*ven more dinieult. Oifianism.s in- 
troduced into wounds of the .skin and .suheut ancons tissues, or introduced 
through a needle into the suheutaneous ti.ssues. give ri.se to widely vary- 
ing lesions in different animahs. This is true oven when frozen Siaphi/lo- 
coccus (lurciis is used, and in our experience the virulence of this organ- 
ism, frozen at -78° C., has remained remarkably stable over long periods 
of lime. The effect of the addition of the .sulfonamides to such contami- 
nated wounds has, in our hands, been imjiossible to interpret with exact- 
ness. The measurement of the temsion required to separate wound edges 
is of value in the study of the rate of healing of wounds created under 
exacting “aseptic” conditions. Wlien the many vari.ahle factors which 
influence infections and those concerned with the bacteriostatic effects 
of the sulfonamides upon bacteria are introduced, the results obtained 
from such expei’imental studies as these again become extremely con- 
fusing. 

It seemed to us that by creating generalized infections of the serous 
cavities of animals, which were lethal in most instances, the efficacy of 
various bacteriostatic agents when used locally could be studied to ad- 
vantage. In a recent publication^ we reported experiments which 
tested the local effect of sulfanilamide, sulfathiazole, and sulfadiazine 
upon the prevention of infection of the pleural cavities of dogs fol- 

The sulfadiazine used in this work was supplied by Lederle Laboratories, Inc., 
New York and E. R. Squibb & Sons, New York, 

Received for publication, June 19, 1944. 

The sulfanilamide and sulfathiazole used in this work were supplied by E. R. 
Squibb & Sons, New York. 
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was administered. A liigli jjaramedian incision was made llu-ough the 
abdominal Avail. The omentum and spleen Avere delivered through the 
wound. The gastrocolic omentum Avas divided betAveen ligatures near its 
attachments to the stomach and colon. It Avas left attached to the splenic 
pedicle and a ligature of silk Avas tightly applied at that site. The omen- 
tum Avas in this Avay completely deprWed of its blood supply. A sus- 
pension of hemol 3 '-tic Staphylococevs aureus, 0.1 c.c., in nonnal saline 
solution Avas then injected among the loops of intestine. When a drug 
was used it Avas introduced immediatelj' after the organism Avas injected. 
The omentum Avas replaced. The peritoneum Avas closed Avith a continu- 
ous fine silk suture, the fascia and subcutaneous tissues Avith interrupted 
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Generalized peritonitis 
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Sacrificed 4 weeks; no 
evidence of infection, 
no adhesions 


IT. Staph, aureus 
II. Staph, aureus 
Sterile 


drug Avas used in the control experiments. In the other three groups, 
sulfanilamide, sulfathiazole, and sulfadiazine, respectivelj'^ were em- 
ployed. In each experiment 0.3 6m. of the drug per kilogram of body 
A' eight of the animal was the amount used. Coarse crystals of the drug 
Avere suspended in about 50 c.c. of sterile distilled water and poured 
among the loops of small intestine. 

About one-half of the animals in each of the groups receiving sulfon- 
amide therapy Avere also given the drug by mouth, in doses shoAvn in 
Tables I to VI. 
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Table III 


Sulfathiazole Group: 0.1 c.c. Fkozejt Saline Su.spension of He-molytio 
Staphylococcus' Au-reus and 0.3 Gst. Sulfathiazole per Kilogram 

Body' Weight 



EXP. 

NO. 

PL'PvATIOK OF 
LIFE AFTER 
OPERATIOK 

(days) 

findings at AUTOPSY', 
CAUSE OF DEATH 

1 

CUETFRE OF PERITO- 
KEUM AT AUTOPSY 

A. Sulfathia- 

45 

4 

Generalized peritoniti.s 

II. staph, aureus 

zole 0.3 Gm. 

46 

6 

Generalized peritonitis 

II. Staph, aureus 

per kilo- 

47 

4 

Generalized peritonitis 

II. Staph, aureus 

gram body 

48 

1.5 

[Generalized peritonitis 

H. Staph, aureus 

AA'eight in- 

49 


Sacrificed 8 Aveeks; no 

Sterile 

traperito- 

i 


eiddence of infection, 


neally 



no adhesions 



50 


Sacrificed 19 Aveeks; no 

Sterile 




infection, no adhesions i 



51 


Sacrificed G iveeks; no 

Sterile 




eiridenee of infection. 





adhesions -f + 



1 52 

1 

Generalized peritonitis 

II. Staph, aureus 


53 

i 3.5 

[Generalized peritonitis 

H. Staph, aureus 


1 54 


Sacrificed 2 iveeks; infec- 

Sterile 


1 


tion of abdominal 





AA'ound, no peritonitis 





or adhesions 



55 

4 

Generalized peritonitis 

H. Staph, aureus 

B. SulfatMa- 

56 

2 

Hemorrhage from splenic 

Sterile 

zole 0.3 Gm. 



j A'essel, no evidence of 


per kilo- ! 



infection 


gram body 

57 


[Sacrificed 23 Aveeks; no 

Sterile 

AA-eiglit in- 



evidence of infection. 


traperito- 



no adhesions 


neally and 

58 

4 

Generalized peritonitis 

H. Staph, aureus 

0.5 Gm. by 

59 


Died of pneumonia, 2 

Sterile 

mouth every 



days; no eiddence of 


eight hours 



peritonitis 




1.5 

Generalized peritonitis 

H. Staph, aureus 


61 

3 

Generalized peritonitis 

H. Staph, aureus 


62 

2 

Generalized peritonitis 

H. Staph, aureus 


63 

1.5 

Generalized peritonitis 

II. Staph, aureus 


64 

1 

Generalized peritonitis 

H. Staph, aureus 


65 

1.5 

Generalized peritonitis 

H. Staph, aureus 


fine silk sutures, and the skin YYUtli continuous silk. No dressing Yvas 
applied to the wound. 

The saline suspension of the organism Yvas made in large quantity and 
Avas placed in Pyrex ampules in amounts of from 1 to 2 c.c. These 
ampules Avere placed in containers of alcohol, and frozen in a dry ice 
chamber at —78° C. Its Yirulence has been assayed against mice at inter- 
A'als of time and found to he remarkably stable for as long as eight 
months. About five billion bacteria Avere contained in 1 c.c. of the 
suspension. 

More than 100 animals Avei'e operated upon. Generally the animals 
AA'ere operated upon in groups of four, six, or eight, control experiments 
in Avhich no drug Avas being used being performed AA’ith experiments in 
Avhich the drug Avas employed. Pour types of experiments Avere per- 
formed. In all, 0.1 c.c. of the organism suspension Avas injected. No 
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control experiments. In the other three groups, 
s fanilamide, sulfatliiazole, and sulfadiazine, respecth^ely were eiu- 
P oyed. In each experiment 0.3 Gm. of the drug per kilogram of body 
weight of the animal Avas the amount u.sed. Coarse crystals of the drug 
were suspended in about 50 c.e. of sterile distilled water and poured 
among the loops of small intestine. 

About one-half of the animals in each of the groups receiving sulfou- 
^ide therapy were also given the drug by mouth, in doses shown in 
Tables I to VI. 
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Animals that died less than twenty-four hours after operation are not 
included in this study. 

Samples of blood for determination of the drug concentration were 
obtained at occasional intervals. The blood concentration determina- 
tions were recorded in milligrams per 100 c.c. of blood. Average blood 



Fig. 1. — Graphic representation of the effects of local implantation of the sul- 
fonamide drugs on blood concentration. Average figures are recorded in milligrams 
per 100 c.c. of blood. 


levels were computed, and the curve of the levels obtained in the experi- 
ments in which the drug was administered locally, but not by mouth, is 
shoAvn in Fig. 1. 

Animals that received the drug by mouth were given 0.5 Gm. twice or 
three times daily. If the animal sun-ived, administration of the drug 
was continued for ten days. Daily blood levels were recorded, and in all 
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Gxpei'inieiits the hloocl concent v;it ion rcniiiinerl high (above 5 ing. pei 
100 c.c. blood) but varied Irom day to d:iy. 

KK-suiyrs 

The effects of .sulfanilamide, sulfathiazolc, tuid sulladiazine on the vm- 
contaminated peritoneum of dog.s have been reported by us previously. 

The comparative effects of these drugs upon hemolytic Staphijlococcns 
aureus infections of the pleural cavity, following pneumonectomy, have 
also been reported.’ In the latter article sulfathiazole was found to be 
more effective in the prevention of empjmma in dogs than were the othei 
two drug.s. It is surprising, therefore, that fatal peritonitis occurred in 
a greater percentage of instances in this group of experiments when 
sulfatliiazole Avas used than Avhen either sulfanilamide or. sulfadiazine 
was used. 
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The veiy low mortality rate in the group of animals which received 
sulfanilamide therapy both locally and by mouth is of interest. 

The numbers of animals used in the various subgroups are not great, 
however, and we believe that one is not justified in the conclusion that 
anjr of these drugs is greatly superior to another for the prevention of 
infections in Avounds contaminated Avilli the hemolytic Siapliylococcus 
anreus. 

The blood concentration curves follow very closely the same form as 
those obtained with the implantation of sulfanilamide, sulfathiazole, and 
sulfadiazine in the normal peritoneal cavity. The rate of absorption 
appeal’s to be slightly prolonged with all three drugs and, as has been 
previously shown, the rate of excretion of sulfadiazine is much slower 
than with the other drugs. 

Adhesions between loops of small bowel were in general much more 
numerous and more dense in animals that recovered after sulfadiazine 
thei’apy than in those in which sulfanilamide or sulfathiazole was used. 

SUMMARY 

1. The effects of sulfanilamide, sulfathiazole, and sulfadiazine in the 
prevention of hemolytic Staphylococcus aureus infection of the peri- 
toneum have been studied in the dog. 

2. The drugs were applied locally immediately after contamination of 
the peritoneal surface with carefully measured numbers of the organ- 
isms. A number of animals were also given the drug by mouth. 

3. Total generalized pei-itonitis occurred most frequently in the group 
of animals treated AAUth sulfathiazole and least frequently in those 
treated Avith sulfanilamide. The loAvest mortality rate in anj’ group 
occurred in animals treated by means of sulfanilamide given by mouth 
in addition to local application of the drug. 
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I N TESTINO cln-inollio-.-iiii'iitic ;i!,M‘nls :i"iiinsl I’fis iznimn-iu- in nniin.-ils 
a variety of assay jireredures have Itet-n used. Some invest i”a- 
tors liave induced ^uis 'jantin-m- by the iji.ieelion of whole- eultures of 
luitho-ienie elostridia into tin* nuiseles of their e.xperiniental animals. 
Others, attem])tinu to simulate* the meMle- eif infe-etieuj e)f war wounds, 
have sur{.deally traumatize-d the musele-s anel have intreHlueed elejsiridia 
into lhe,se lesions. The result has he-en. as Sanelusky and ^leleney' have 
pointed out. a dive-rsity eif eipinion em the value of ehemothera))y. Dilve- 
wise, various sjn-eies of aninuds have- been used as assay organisms. 
Porha))s the me)st ee-oiietmie-al e)f these is the mouse. TIee usual proee- 
durc in infet-liner iniee has be-eii the injee-tion e)f whole cultures of Clos- 
tridia into the thieh. However, in view of the eritieisin.s raised by 
Sandusky and !Meloney we fe-lt it was desii-able to develop a procedure 
for wounding and infecting mie-e in order to assay e*ompounds against 
gas gangrene. Our ])roeedure consists in the infection of e.xpo.sed and 
crushed thigh muscles and the .subsetiuent treatment of the wound with 
a powdered drug. The conditions were chosen to obtain under e.xperi- 
mental conditions .some of the traumatic and tcmpoj-al characteristics of 
war wounds. 


A number of invesligatoi-.s-'' have found tliat sulfadiazine and sulfa- 
thiazole were the most effective of the sulfonamide di-ugs for the treat- 
ment of experimental gas, gangrene in mice. Consequently, we have 
assayed these compounds by our procedure. For compai-ison with oiir 
method of assay we also followed the i)rocedure used by JIcKee, Hamre, 
and Rake^ and injected solutions of sulfonamides, after a previous injee- 
tion of Clostridia and CaCl., into the unwounded thighs of mice. 

It was obsei-ved in the eoui-se of studies on the nutritional require- 
ments of Clostridium perfringens that in vitro growtli was inhibited by 
high condentrations of ascorbic acid. Other investigators'"’ have reported 
success in the use of vitamin C against certain infectious diseases. We 
therefore also investigated the chemotherapeutic action against gas 
gangren e of ascorbic acid and some of its derivatives. 

Received for publication, Aug. 30, 1944. 
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ASSAY PROCEDURE 

The culture meduuu for all strains of elostridia tested contained 0.25 
per cent sodium chloidde, 0.1 per cent sodium bicarbonate, 0.34 per cent 
disodium phosphate, 0.0S2 per cent mono]mtassium phosphate, 0.5 per 
cent glucose, 2 per cent Bacto-tryptose, 0.3 per cent Bacto-yeast extract, 
and 0.1 per cent sodium thioglycolato; pH 7.4. Inciiljation ^Yas at 37° C. 

ilice -weighing Imt-ween 20 and 30 Gm. were anesthetized by a sub- 
cutaneous injection of nembutal (0.005 c.e. lof a solution, containing 
25.4 mg. per cubic centimeter of distilled water, per gram of body 
weight). The extensor muscles of the thigh were exposed by aii incision 
about 5 mm. long, and the appropriate amount of a whole culture of 
elostridia was injected into the vastus lateralis. The belly of the exten- 
sor muscles was then crushed with a fine hemostat for about 3 mm. of 
its length. After one-half hour about 5 mg. of the compound to be 
tested were spread into the wound and tbe incision was closed with a 
cotton suture. Independent tests showed that the eom])ounds used Avere 
not lethal in dosages several times those employed in therapy. 

The operation itself was not lethal since all of foi^rteen mice sui-AUved 
when infection was not attempted. In addition, no deaths occurred 
in twenty-seven cases Avhere infection was attempted with 0.5 c.e. of 
old (twenty-four to thirty-hour) cultures of Clostridium pcrfnngens. 

A six-hour culture of Clostridium perfringens in our medium consists 
of vegetative cells in the logarithmic phase of growth. No spores are 
foimied due to the presence of sugar. When 0.05 c.e. of a six-hour cul- 
ture of Ctostridium perfringens (A.T.C.C. No. 846) was injected with- 
out sAibsequent therapy, 100 per cent of eighteen animals died; with 
0.03 C.C., 90 per cent of thirty-eight died; with 0.025 c.e., 75 per cent 
of fifty-nine died. iMost of the deaths among infected animals occurred 
Avithin tAveuty-four hours and all Anthin forty-eight. Before death the 
mice exliibited hematuria. The appearance of the dead animals at 
autopsy Avas characteristic of the infectiA'c organism.®- ' Direct smears 
of the peritoneal fluid of the dead animals .shoAved a predominance of 
gram-positiA’e perfringens-like organisms. 

The deaths Avere not caused by the culture medium after it had sup- 
ported the gi-OAvth of Clostridium perfringens. A six-hour culture Avas 
filtered through sintered glass under nitrogen. Eight mice surviA-ed in- 
jection of 0.05 c.e. of this filtrate into their operated thighs. Moreover, 
all of three animals suiwreed intraperitoneal injections of the same 
material. 

It Avas possible to kill mice by simply dropping the culture into the in- 
cision before the muscles Avere crushed (that is, without injecting the bac- 
teria into the muscle). HoAvever, it A\-as thought that the assay Avould be 
more i-igorous by admitting bacteria into the connective tissue muscle 
sheaths. Care Avas taken to make the operation and infection as constant 
as possible from experiment to experiment. Nevertheless, there must 
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}»!>vo lu'on soino vnrintitiu in !)if anioiuii «if inii'-clo injury ant) ilic cAttuU 
of Iwrtrrial inva>^ion. 

OUior uas }:amrr<'in‘ orjjani'-inv wito l•nl]llo\■^•ll as woumi I'ontaniinants-. 
WluMi t!io wouinis wt'i'f infcrU-tl witli (’hi^lri'Iium sijiiimw { A. V. 

Xo. GSOl. ('h)sir{<!ium uia (A.'!'-* '4 '• X'o, li'JSU). oi' ('Ui^lridiinn 

vovt/i (A. T. No. ;5r>Jfil oiuhi* rnAiour rniinri's wen- used, while si.N- 
liour eultuns of s’lrihlHi (.Meleiiey N"o. !l(i7s i were ein- 

jiloyod. Uelween ami (1.015 e.e. of wliole euhuies of llie.se oruan- 

isiiis was .snfiieienl Jo hill all of !h<- niiee. The apiiearanee of the ilead 
nninials upon autopsy was eharaeteristie of the infective oreanistn.'- ' 
Toxins in the eiilture niediuin were not n sponsihh' for the deatli of the 
mice since O.Oo e.e, of sterile (illrales (sintereil '^lassi in each ease did 
not hill any of five niiee. 

Four different strains of iniee wen* iisi-d in these exiierinienfs. The 
C'F 1, the (' 08 . ami tlie F. and S. mice were hiehly inbred, while the 
Columbia mice were not uenetieally homoeeneous. In »-aeh exjierinieni 
.sonic mice servetl ns controls ami wen* subjected to the ojicration and con- 
laininatiou; they were .stitured after onedialf hour without further 
treatment. Those in the exiierimcntal mou]) received a treatment with 
the eomjiound indicated. In abotit o jicr cent of the eases miee failed 
to recover from the nembutal anestln'sia. These animals wm'e, of eour.se, 
excluded from the e.\]ieriinen(. 


lU-st’i/r.s 

Table I shows the ofTeet of sulfathiazole and sulfadiazine when ai)))lied 
to wounds infected with ('luslridium prrfrhu/nis hy our procedure. 
Sulfathiazole was inen’eetive in two .strains of mice hut in the C’F ] 
strain resulted in a survival tliat was sitinifieantly difl’erent from that 
in the controls (x‘ test with Yates correction, P~<0.01).® Sidfa- 
diazine, on the other hand, .saved sifrniricant numbers of both CF 1 and 
Columbia miee (P==0.()4 and < 0.01, respectively). In man.v cases 
large le.sions on the thighs of the sulfonamide drug-treated survivors 
pei’sisted for several weeks until the experiments were terminated. 


Tabu: 3 

The Effect of Sm.FONAMinE Dia-c l^ownia: ix Worxas of ^tI^E Coxtajukated 
With ClostridUm Perfringens 


COMPOUND 

KOrUCE 

OF MICE 

1 eoxTROES 1 

1 EXPERI.\[EXTAI.S 

N'UMBER 

OF MICE 

PER CENT 
SURVIVAL 

I NUMBER 

1 OF MICE 

PER CENT 
SURVIVAL 

Sulfathiazole 

Columbift 

IG 

13 

2G 

19 

Sulfathiazole 

C 58 

10 

30 

15 

20 

Sulfathiazole 

CF 1 

14 

0 

30 

63 

Sodium sulfadiazine 

Columbia 

IS 

17 

.30 

50 

Sydium sulfadiazine 

CF 1 

15 

7 

30 

67 


Results were somewhat different when infection was attempted hy 
the procedure used h3’^ IMcKee, Hamre, and Rake.'* An injection of 
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0.05 c.c. of a six-hour culture of Closiridium pcrfringcns (a 10'* or 2 x 
10'^ dilution in a broth containing the appropriate amount of Ca CL) 
into the umvouncled thiglis of Columbia mice was followed after one- 
half hour by 0.1 c.c. of water containing either 1 mg. of sulfathiazole 
or 1 mg. of sulfadiazine. Among the sulfathiazole-treated animals 60 
per cent of thirty-one mice survived, which was not significantly dif- 
ferent from the 53 per cent of the fifteen mice that survived among 
the controls. However, sulfadiazine resulted in the survival of 97 
per cent of thirty mice, which is significantly different from the con- 
trols (P == < 0.01). Whether the Ca Cl.^ injured the bacteria as well 
as the muscle into which it was injected is not known. 

In Columliia mice infected with Clostridium perfringens, 1-ascorbie 
acid resulted in a survival that was stati-stically different (P= < 0.01) 
from that of the controls (Table II). This was not the case in the 
other strains of mice. When sodium ascorbate powder was used no 
significant increase in survival over the controls was obtained. How- 
ever, ascorbic acid is very labile in neutral solutions. In order to obtain 
indirect e\idence as to wiiether the effect of 1-ascoi’bic acid was due 
simply to its acidity, the action of a compound with a similar dissocia- 
tion constant, succinic acid, was investigated. In two experiments 
where 25 per cent of eight conti-ols survived, 61 per cent of eighteen 
treated animals lived. This is not a significant difference (P==0.2). 
and suggests that ascorbic acid does not work solely by virtue of its 
acidic properties. 

* Table II 


The Errarr of I-.V-scorbic- Acid axd Some Deiuv.vtive.s ix AVorxns of :Mice Cox- 
T.vjiix.\TED With Clostridium Tcrfringens 


i 

COMPOUND 

SOURCE I 

OF iriCE 

1 COXXROLS 1 

EXPERIMENTAI S 

NTMBER 
OF MICE 

PER CENT ! 
SURVT\'AL 

NUirBER 

OF MICE 

PER CENT 
SURVIVAE 

l-ascorbie acid 

Columbia 

3 :: 

9 

60 

40 

l-ascorbic acid 

P. and S. 

10 

30 

24 

24 

1-ascorbie acid 

C 58 

9 

10 

17 

11 

Sodium ascorbate 

Columbia 

20 

20 

35 

31 

Dehydroascorbic acid 

Columbia 

8 

12 

18 

0 

1-isoascorbic acid 

C 58 

19 

10 

30 

37 

d-glucoascorbic acid 

C 58 

5 

20 

10 

10 


Low concentrations of 1-ascorbic acid may produce redox potentials 
in wounds favorable for the growth of anaerobes.® This factor may 
antagonize the therapeutic action of ascorbic acid and account for the 
failure eii- some of the mice to suiwive after treatment. Hence the 
action of dehydroascorbic acid was investigated but this compound was 
not effective. The great lability of dehydroascorbic acid unfortunately 
makes the result equivocal. Other analogues of ascorbic acid w'ere also 
tested. No effect was obtained with d-glucoascorlnc acid but 1-isoaseorbic 
acid resulted in an increased survival among the experimental animals 
wliich may be significant (P = 0.06). 
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A few allempls to save iiifedetl iniee hy pj'evioiis feetlin^ witli liigli 
eoneeiilrations of I-aseorl»ie aei»l (1 mir. of luMilralizdl aseorliic acid per 
(lay for nine days) failed. l.il;ewi*.e. sjilieulaiieons inject ion of neu- 
tralized solnti(tns of aseorhie acid atid injection into llie vastus lateralis 
after eontaniination were witlioul effect. 
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M 
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fKNT 

mi! 

<-i:sr 

(fy 

SCI!- 

Ilf 
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or 

rn:- 



VIVAI. 

Min: 

VI 'A!. 

Min: 

VIVAI. 

-MU'K 

VIVAI, 


n 

/mil Ciilfiiri 






Control 


0 

11 

0 

5 

0 

.*» 

0 

1- Aseorliic tieid 

0 

0 

IT 

12 

s 

0 

10 

0 

Siilfnlliijir.ole 

<1 

oo 

17 

18 

il 

0 

10 

10 

Sodium .'.iilfadinzinc 

11 

0 

j; 

18 

i 

0 

10 

0 


JVnshrtI f 

'iiltun 






Control 

:) 

0 



5 


.*) 

0 

1-Ascorliic iieid 


0 

10 


10 


0 

0 

Sulfatliijir.oic 

;i 

0 

10 


!» 

11 

10 

0 

Sodium Milfiidinzinc 

s 


10 

0 

1(1 

20 

10 

0 


fSome preliminar.v (Wperiint'Ut.s on tin- ciieinotlierapy of (’losiridiuui 
sepiintm, Closln<liuin liistohiticitm, (’losiridium vovjii, and Clostridium 
sordcllh infections in Columbia mice are reported in Table 111. Neither 
1-ascorbie acid, sulfatbiazole. nor sidfadiazine, after the injection of 
^^hole cultures, re.sulled in significant increases in survival over the 
controls. Thc.se negative results cannot be due to the presence of to.xins 
in our cultures. Tti the first place, as mentioned before, sterile filtrates 
of these cultures were not toxic. To further test this jioint, cells which 
Mere twice resuspended in fresh culture medium, and lienee washed 
flee of their metabolic products, were used as contaminants. As Table 
III shows, the response to therajiy remained the same as ivlieii whole 

cultures were used. None of the differences shoivn in Table III have 
a P of < 0.2. 

UISCl’SSIOX 

Perhaps the most interesting conclusion to draw from these results 
IS that the value of chemotherapy depended in some ivay upon the 
strain of mice used for the experiment. For example, sulfathiazole and 
1-ascorbic acid were effective in some strains of mice but not in others, 
piscrepanei^s among the results obtained with chemotherapy by other 
investigator, s’, may be accounted for to some extent by differences in 
the .strain of experimental animals used. Sulfadiazine was the only 
compound investigated which was succe.ssful against gas gangrene in 
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at least two different strains of mice. This result is in accord witli tlie 
fact that, of the sulfonamide drugs, sulfadiazine has iDCen the most gen- 
erally effective against experimental gas gangrene in the hands of other 
investigators.*"*’ '* 

If, however, a drug can he effective in one strain of mice and not 
another, it is not surprising that results from animal experiments have 
not predicted with accuracy the results in man. For example, the 
sulfonamide drags have been disappointing in the treatment of gas 
gangrene in Woi’ld War II.'- Therefore, the partial success we have 
obtained by the use of ascorbic acid in mice infected with Clostridium 
pei-fringem can be, at the most, only suggestive. 

Slice are not Imown to require ascoi’bic acid in their diet but the 
therapeutic dose used in the wounds was, gram for gram of body 
weight, far above the daily nutritional requirement of the guinea pig 
and man. However, a case of vitamin C hypervitaminosis is unknown.*’ 
Ascorbic acid has been known to be effective in various ways in the 
treatment of other infectious diseases,*’ but there is no evidence from 
our work to deseidbe its mode of action against Clostridium perfringens. 

SUJI3IARY 

1. A method is described for wounding and infecting mice with 
various strains of pathogenic clostridia. 

2. In two strains of mice the local application of sulfadiazine saved 
about 60 per cent of the animals infected with Clostridium pcrfrhigens, 
a significant difference from the controls. 

3. Sulfathiazole was also effective against Clostridium perfringens in 
one strain of mice but not in other’s. 

4. In one strain of mice ascorbic acid saved about 40 per cent of the 
animals infected with Closti'idium perfringens, a significant difference 
from the controls. However, it was ineffective against gas gangi’ene in 
other strains. 

5. Ascorbic acid, sulfadiazine, and sulfathiazole were ineffective 
agaiirst infections caused by Clostridium noviji, Clostridium liistohjticum, 
Clostridium sordellii, and Clostridium septicum. 

This work was supported by a grant from the Josiah llacv, Jr. Foundation. We 
are indebted to Dr. L. C. Dunn and Dr. S. Schoenheimer for supplying the Columbia 
and CF 1 mice, and to Dr. E. C. MacDowell and Dr. V. Bryson for the C 58 mice. 
We also wish to thank Dr. Frank L. Meleney for his valuable discussion and for 
supplying us with the culture of Clostridium sordellii. 
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THE EFFICACY OF HEPARIN ADMINISTERED BY 
INTRAVENOUS, INTRAilUSCULAR, AND SUBCUTANEOUS 
ROUTES AND A STUDY OF THE EFFECT OF FIVE 
BACTERIOSTATIC AGENTS ON HEPARIN ACTION 

James Walker, Jr., M.D., Philadelphia, Pa. 

(From Surgicol Service B, the Hospital of the University of Pennsylvania and the 
Harrison Department of Surgical Pcscarch, School of Medicine, University of 

Pennsylvania) 

T herapeutic administration of heparin to be ideal should result 
in a prolonged, constant, and controllable elevation of the coagula- 
tion time of venous blood. Single intravenous injections result in a 
marked, but unsustained, rise in coagulation time. Intramuscular in- 
jections give a more controllable effect, which is preferable for therapy. 
The peak of the anticoagulant effect is less extreme and it develops 
longer after administration. The intramuscular use of heparin has not 
been widely adopted hitherto because of the high cost. The potentiation 
of the action of heparin by small doses of dicumaroP’ ■ makes it pos- 
sible to use the intramuscular route vuth greater economy. 

The response to standard intramuscular injections of heparin has 
been studied in a group of adults and compared with that of the intra- 
venous and subcutaneous injection of heparin. The local reaction to 
injected heparin has been studied using heparin in physiologic saline 
solution as a control and heparin with five different preservatives. Both 
the local reaction produced and the effectiveness of the preparation in 
coumarinized and noncoiunarinized individuals have been considered. 
Because of the possibility of contamination, we have preferred not to 
use heparin vnthout a' preservative for routine purposes. 

Subcutaneous administration of heparin gives results similar to those 
obtained with intramuscular administration. However, it gives the 
patient greater discomfort and there is usually an area of induration 
and tenderness which persists for twenty-four hours. Heparin is in- 
active when administered orally. 

Two substances, benzidine and protamine, have been found to inhibit 
the action of heparin when injected coincidentally Avith heparin. ^ 
Of the five preservatives .studied here, namely phenol, tricresol, merthio- 
late, phenylmercuric borate, and chlorobutanol, none seemed to haA'e any 
inhibitory effect in the concentration us.ed. 

methods 

An unselected group of patients Avith vascular pathologj' requiring 
anticoagulant therapy Avas studied. 

AA''e ale indebted to the Lederle Laboratories, Inc., Pearl River, N. ■!.. for the 
heparin preparations tested. 

Received for publication, Aug-. 4, 1944. 
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\VAI.Ki;i:; I-.!’l‘i;('T Of Ii\Cll t{In''r\TU* Aiil NTS (IN' tlffMMN ACTION 

A uivfu fliwc of lii'i'iH’in wav luiouiiivtiTcci an<l tin* i-oimulatioii linii' of 
venous blood deleviniiieil by the melbod of Lee ainl Widle* at Ihiiiy. 
sixty, ninety, and 12(1 minvdes after tbc time tif in.ieetion. 

Heparin was injected intraveiionvly in bd in^. doxrs in a few eases, 
but nsnall.v in 1(1 to 20 ini:. doves Intrainusenlar injections of oO nnr. 
were made into the I’lnteiis nniseles .'vnbenl.aneous injections of ,')(» 
mir. were made into tlie snbculancons liwnc of tl)i!*li. ilanU, abdomen, 
and back. 

Heparin solutions use<i all containe<l 10 mtr. ])er milliliter'' of the 
sodium sail of bc\mrin. The prevcrvalives used were piienol. 0.5 jiei’ 
cent; eldorobutanoi. n..5 per cent; phcnylmercurie borate, O.OO-l per 
cent : merthiolate. 0.01 per cenl: atnl tricresol, 0.11 iier cent. Heparin 
in jibysiolotrie saline sniution was \isctl as a control. 

Tile local reaction to intramuscular and subcutaneous injection was 
judtred subjectively and objeetivcl.v. Subjectively, ]tntients were (pies- 
tionod as to soreness immediately upon injection, twelve hours after 
injection, and twenty-four hours after injection. Objeetivcl.v, llic arca.s 
of induration and erytliema. if any. wen* measured at twelve lioui-s and 
at twent.v-four hours. Wherever possible, each patient was friven injec- 
tions with a.s many different i>reserva lives as possible, both intramns- 
eularl.v and .snbcutaneou.sl.v. at some time in this eour.se of trcalment. 

nr-sn.T.s 

Intravenous injection of hejiarin resulted in a shar]) rise in eoauu- 
lation time within five minutes. An injection of aO nifj. caused an 
elevation of coa<rulation time to between 200 and 2.o0 minutes, and an 
injection of 20 m<r. raised the coagulation time to between 100 and 
120 minutes. The eoafiulation time returned to normal within one to 
two hours. 

Intramuscular injection of 50 m<r. of heiiarin caused a slower eleva- 
tion of coagulation time, and the elevation was less marked than on 


T.vnen I 

COAfiULATlON TiMKS POI.T.OW'INO THE iNTUWENOUS ApMINISTHATION OP IlEPAniN 


PATIENT 

dosage 

(c.r.) 

VKNOUS COAfRTLATlON 

TIME IN MINUTES 

BEFOKB 

INJECTION 

AFTER INJECTION 

0 MIN. 

30 MIN. 

. 

60 MIN. 

90 MIN. 

r. L. 

1 

15 


60 


■T.H. 

1 

20 


65 

35 

R. J. 

1 

15 


45 


S.L. 

2 

20 

180 

100 

25 

A.G. 

2 

15 

125 

90 

30 

A.C. 

1 

12 

85 

60 

30 

AV. M. 

1 

12 


SO 


G. W. 

2 

15 


80 

30 

M. C. 

1 

20 


100 


Average 

1.3 

16 

115 

75.5 

28.5 
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Table IT 

CoAr.ULi\TiON' Time of A'enous Blood ix Minutes Afteu IXTraMUSC’ULAR 
Injection of 5 c.c. of IIepakin 



PATIEXT 

KO. 

BEFORE 

INJEOTIOX 

30 MIX. 

1 

AFTER 

60 itiN. 


!sa 

Heparin in 1/25,000 


25 

30 

45 


25 

plienylinercuric 


18 

32 

47 

35 


borate 



37 

47 

28 



30 

10 

42 

55 




30 

25 

50 

00 




2 

20 


00 

35 



18 

20 

35 

48 

35 



22 

15 

35 

45 




Average 

W 

37 

51 1 

33 

25 

Heparin in pbysioiogic 

15 

15 

25 

1 

oO 



saline solution 

16 

15 




20 


S 

15 

30 

40 


30 


14 

18 

32 

42 




4 

20 

40 

50 




29 

20 

32 

45 




7 

20 

32 

50 




2 

20 ! 


50 

35 



18 

20 ' 

33 

48 

35 



32 .! 

15 

32 

50 



1 

22 ' 

15 

35 

45 




Average | 

17-5 

32 

45.5 

37 

25 

Heparin in Q.5 per cent 

25 

18 

32 

48 

20 


phenol 

5 

10 


60 




6 

10 


50 




Average 

13 

32 

53 

20 


Heparin in 1/10,000 

17 

15 

33 

46 

28 


mertliiolate 

20 

18 

35 

48 


23 


19 

16 

30 

40 


21 


27 

20 

35 

45 




2 

20 


55 




17 

20 

35 

50 

35 



10 

20 

25 

45 

1 



32 

20 

32 

50 




Average 

19.5 

32 

47.0 

34 

22 

Heparin in 0.3 per cent 

22 

18 

35 

50 



tricresol 







Heparin in 0.5 per cent 

21 

15 

27 

45 

32 


chlorobutanol 

31 

18 

32 

45 


23 


Average 

16.5 

28.5 

45 

32 

23 


intravenous injection. The coagulation time rose to an average of 32.8 
minutes one-half hour after injection and to 47.5 minutes one hour after 
injection. The coagulation time liad returned to normal within two to 
two and one-half hours after the time of injection. 

Subcutaneous injection of 50 mg. of heparin gave essentially the 
same results as an intramuscular injection. 

The presence of the various preservatives in the strengths used seemed 
to have no demonstrable effect on the action of heparin, for in all eases 
the elevation of coagulation time was similar to that observed v'hen 
heparin Avas used in physiologic saline solution. 
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• u 


Furthcnnon-. ihc ]ir< It.'i'i (!<• on iiio potcniiation n: 

hfpnrin .'’.oiion by frn-ntnaj'ol. for i5:t v.n'.o tSi of pincji’inlMn a.]'- 
jo'jsrofl inparin in pijy'.ioio-^jr sn'ino ••linfion nmi }i«-[‘arin v.’ith 

tlio various pn-s-'CV.-itivos. 

Tiic inlnjvtnfti:-'- nv.> r,{ In-pnrilJ im inuin -iiat*- or pain 

nor any onjrAtiM* m"7i of rcaotion in tiir xtiin 

Tin* intrnnin‘-ou!ar injd'tiojj of h<‘p;,ri!! in phy.-iolo'_nc ^aiini- solution 
and in ohloniluitaiiol only ;i -^linlit ;i<-Inno ^fii'-aiion at tiu’ tnoinojif 

of injfotion atui otily :i '-litrlit ri-^idn.'i] soio!ns'< 'Ui-lvc to tvcnty-uinr 
Ikhii's after the tiin*' of inj'ctioji. Then- vas no eryt!ieii!:i nor indura- 
tion at tin* sito of injeetioji, 

Intrannivetilar injeefioji<- of hojiarin in pin-rnil. plioiiyhix roui'ie hoiato. 
niertliiolafo, and trier.-,.i! -.voro ‘-iiirhfly noire painful inuiiediately. and 
resulted] in a deep <on rn-vs and induratioji tiiat 'a;!-- inar'a-d at tin- end 
of tu'enty-four iiours. disapje-ariii" in niosi ca^es aft'T forty-eioiif 
houi-s. Tlien‘ were foitr iii'-t.'itu''-'. <if '•••vcio !o'-ai rejiction v, ith erythema 
and eflerna of nne-half tlie ^dti'eal reirion p< r-i'^tinir for five to ‘.even 
days after injeetion. Tvo of thovo nsietions a.njteared after heparin 
vas eiveii in phenol and two after heparin in phenylmereurie h(»rale. 
all four oeeurrino in patients who wen- fully eoiimariniaed and wlio 
had been settine intnimuseular irluteal injeetiotts of liejiarin every 
-sLvth hour for seven to t<'n days. 

In contrast to tlie>e. twelve jiatients in tiie jire.-ent .vries reeeived 
lieparin in the same fiosnue while fuil.v eoum:n’inized for i)eriods of 
twelve to sixteen days witiumt tiiitoward loeal reaction. Tiie heparin 
used contained the less irrilatinir I'lx-'-erv.ative''. 


T.'.BI.E III 

Co.\GCL>.TiON- Tun: or VnNor.s Bi.o<-,r) i.\ Mi-verr.-: .\f-n:F; .''=rr.rt-T.\XEor.s Ix.jfotio.v 

or .■) r.i . or UroAias 



TATirNT 

NO. 

FKFftV.K 

IS.JF.rriOS 

\fTr:n iNjrmoN 

.'•.0 3(t.N-. 

; on jtix. ‘ 90 irix. ' 120 sax. 

Hefiarin m 1/10.000 
mertliiolate 

12 

IS 


! 40 j 

i 

1 25 

j ' 

Hef^aria m 0.3 per cent 
tricresol 

1 

12 

1 

20 

18 

21 

•Is, 

Hi 

45 

s 

35 1 

.30 1 

— 

-Vverage 

11».2 

1 29.0 i 43 

i .32.5 f 

Hepann ia pheavl- ' 

aiereuric borate 
1/25.000 

12 

12 

1 

15 

IS 

20 

'2.3 1 40 1 i 32 

30 j 40 • i 2S 

35 t 45 1 .35 f 


Average 

17.6 

.30 j 41.6 j 35 : .30 

Hepann m phy.=aotogic 
saline solution 

1 

22 

20 

1 

32 i 45 S 35 • 

3S 1 44 ! i 

- 

j.A.verage 19 

* rjo { -I-i.*) * rio J 

Heparin in u.o p^r cent 
chlorobntanol 

; 12 1 15 25 • 40 , ; 25 

I 1 1 20 1 32 42 t 32 t 


'Average i 17.5 ' 2S.5 -il ! 32 t 2-5 


















































WAi.Kr.it; i:rn:<'T or A<5):STs ON hi.I’Auin \v rioN' ■>!) 

Tlu'oo pntimts roroivrd intiiiiini'-rolnr luui sulu-uljmruiis liciinriii il.'iily 
for ])(*ri(ii]s roimiiitr fi’oin Iwo to finir unoitlis witliotil ni;irl;ril locjil 
voart ion . 

S\dirutanoous inji'ction of ot( mu. in pl^y^^oI(lJ:il• Mtlnlioii .'iiol in 

ohlovolnitiinol ”:ivo inori- iTinniMlinto pnin and nioif t< iidrrii< ss willi sonic 
induviilion after 1 wcnty-foiir Innirs tlinn tin- same )ir*‘))j\ rat ions used 
intrainnscnlarly. 

Snlicntancons injection of ln>|tarin in piicnol, }dicnylincrcnri<‘ lioratc, 
nicrthiolatc, and tricresol tiuve severe iiiinn'iliate pain and marked tender- 
ness and induration lastin'^ twenty-fonr to foriy-ei'-:lil hours after in- 
jection. 

tnscf.ssios 

The intravenous use of Iieparin as a eontinnons ilriji can he used 
to maintain elevation of hlood eoatinlalion time.' " hnt the method snh- 
jeets the patient to the inconvmiienee of a eontinnons intravenons drip 
and the eoa^ulahilily is not easily maintained within the therapeutic 
ranije. The eoa'^nlation time rises sharidy within live minutes after 
single injections and frepuently goes heyond the range which we nsnally 
maintain (thirty to forty minutest. The average coagulation time, 
thirty minutes after the intravenous injection of Id mg. of heparin, 
was Ha minutes. 

Intramuseular administration of heparin results in a smaller, more 
managcahlc alteration of hlood eoagnlahility and the simullaneons use 
of, oral dieninarol permits the u.se of smaller amounts of heparin, making 
the method economically more jiraetieahle. The discomfort caused by 
four intramuseular injections of heparin spaced over a twenty-four 
hour period is not e.sce.ssive and most iiatients tolerate the iirocedurc 
well. 

The suheutancous route of heiiarin administration has no advantage 
over the intramuscular route as far as the therapeutic action of 
heparin is concerned. This form of administration is very painful and 
gives rise to fairly marked local reactions. For the.se reasons we feel 
the subcutaneous route is not to be recommended. 

Of the five preservatives, piienol, tricresol, jihenylmercuric borate, 
merthiolate, and chlorobutanol, studied in the course of this investiga- 
tion, chlorobutanol seems to cause the least local reaction and to be the 
agent of choice. The use of heparin in physiologic saline solution is 
presumably attended by greater danger of infection because of the 
lack of bacteriostatic action. None of the five preservatives in the dilu- 
tions used caused any alteration of heparin action or of the potentiation 
of heparin action by oral dicumarol. 

CONCLUSIONS 

1. Of the three parenteral routes of heparin administration studied, 
that is, intravenous, intramuscular, and subcutaneous, the route of 
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choice would seem to be the iiiti'amitsciilar because of a slow, relatively 
even rate of absorption. This is made more practicable by the eoin- 
cideiit oral administration of dicumarol to maintain an effective plasma 
prothrombin concentration of 20 to 30 per cent of normal, thus reducing 
the amount of heparin needed to maintain a venous coagulation time 
of thirty to forty minutes. 

2. Of the five preservative agents studied, phenol, 0.5 per cent; 
tricresol, 0.3 per cent ; merthiolate, 0.01 per cent'; phenylmercnrie borate, 

0. 004. per cent; and chlorobutanol, 0.5 per cent, the agent of choice for 
intramuscular injections is chlorobutanol because it produced tbe lea.st 
local reaction. 

REFEREXCES 

1. Jaqnes, L. B., Charles, A. B., and Best, C. H.: The Administration of Heparin, 

Acta nied. Scandinav. (Suppl.), 90, 19.38. 

2. Ehoads, J. E., tValker, J., and Panzer, L.: Control of Blood Coagulability With 

Coumarin and Other Drugs, Horthwest Med. 42: 182, 1943. 

3. Chargaff, E., and Olson, K. B.: Action of Heparin and Other Anticoagulants: 

The Influence of Protamine on the Anticoagulant Effect, J. Biol. Chom. 122: 
153, 1938. 

4. Lee, E. I., and White, P. H.: A Clinical Study of the Coagulation Time of Blood, 

Am. J. M. Sc. 145: 495, 1913. 

5. Eavdin, I. S., and Wood, E. C.; Succes.sful Eemoval of Saddle Embolus of Aorta 

Eleven Days After Acute Coronary Occlusion, Ann. Surg. 114: 834, 1941, 

6. Eavdin, 1. S. : Heparin, Am. J. M. Sc. 201: 299, 1941. 

7. Walker, J., and Ehoads, J. E.; Effect of Dicumarol on Susceptibility to Action 

of Heparin, Surgery 15: 859, 1944. 



THE AEEE1?{H(* PAtnOHENlC MEf’llANlSM OK 

THYEOTOXIKOSIS 

Anit\ii\M 0. ^Vu•r.^*sKY. M.O., Niav Nhkk, N. ^ . 

T his commimiciititm will n-viow ci'rljiin factual Unowtcdtcf 

coiiconiintc tliyri'lnsii' ilivs-nsi' (sin'li ns (■X(t]»hlli:iliiiic ^oili'r atid 
Basedow's disease). Il will ih.-n iwiew ihe knowledge of liiyrotoxie 
crises as the nios) eonveiiieiM mellioil Ji>r the study of this disiMse. 
Finally, it will attempt the int<>rpretation of llie hiolouie ])atlio^enesis 
of thyrotoxieosis. 

Routine experiences with tiiyrotoxieoMs inehide the followinir. 

1. The usual type in which there is a -va.lunl development of the dis- 
ea.se to its inaxiimnn and in wlii<'h the onset is not acute and does imt 
apparently follow some well-ihTnn-d ituddetit or event. Nf) erisi.s-liUe 
incident occurs durint: the eottr.se of the illness. 

2, Similar types tis in Orouj) 1, hut in whieli the onset of tlte illness is 
relatively acute and well marked owint; to the fact that the disea.se fol- 
lows some M’cll-defined incident or event. No erisis-like ineidenl distur )s 
the eour.se of the illne.ss. 

3. A. small group in whi<'h the illne.ss follows some well-defined incident 
or event including mental sho(‘k, physical injury, etc. Tlic ])rogi'css of 
the disease is very rapid .so that a fully develo])ed clinical picture is \eiy 
ipiickly e.stal)lished. !Manv of these jiatients develoji oxtreino grades oi 
cxophthalmo.s. The initii’d phase of the illness resembles a crisis-like 
incident. 

In one case, encountered many years ago, a woman in her twenties 
received a sudden great shock. Extreme nervousness occurred immedi- 
ately, followed by tachycardia, .sweating, diarrhea, loss of weight, and 
exophthalmos. AVithin a space of days there was a fully developed pic- 
ture of exophthalmic goiter and the patient went thi’ough a typica 
crisis. She had been in a liighiy toxic stale for more than one year be- 
fore she was admitted to tlie hospital. She showed photographs of her- 
self both prior to the beginning of the illness and later, and one cou 
not help being powerfully disturbed at the change from a beautiful, 
slim girl, with a bright intelligent face, to a gross, fat, drab, old-loo ring 
woman, with a high grade of exophthalmos, and with a dull, uninte ligent 
face which was almost repulsive. 

4. A group of eases similar to those in H roups 1 and 2, in which f oi no 
discoverable cause, and/or ivith or without some mental or physical 
jirovocation, the toxic state of the patient becomes so markedly and com- 
paratively suddenly increased that the patient passes into a ciisis from 
which recovery does not often follow^. 


Received for publication, Auff. 16. 1944. 
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5. A group of thyroidectomies including those done in one or in 
multiple stages, or patients in whom some relatively trivial operation is 
done such as polar ligation. In these, following immediately after 
operation, the patient passes into a cri.sis. So many of the patients die 
that this constitutes the greater number of fatalities after operation. 
While this experience occurs in individuals with a preoperative state of 
high toxicity, I have seen instances in which the toxicity has been of 
moderate grade. 

The postoperative crises are not necessarily limited to operations upon 
the thyroid. They are known to occur after other classes of operations 
and among these, rhinologic procedures po.ssibly take a prominent place. 

Cases of allergic rhinitis are relatively common in association with 
thyrotoxicosis. Flare-ups and crisis-like episodes are c.speeially common 
after thyroid operations. 

6. All of these groups are represented, po.ssibly to a lesser degree, in 
postoperative recurrences. 

7. Cases, sometimes of mild degree, in which following the use of 
iodine (Lugol’s solution), similar exacerbations, even to the intensity 
of a crisis, occur. 

8. Patients with marked mental aberrations and ps.vchologic dis- 
turbances in whom thyroid operations are never known to relieve the 
mental disturbance. 

To illustrate, there was one young married woman in whom a severe 
type of thyrotoxicosis was associated with mental symptoms centered 
chiefly in an uncontrollable desire to empty the bladder at the most un- 
expected and inopportune times, .so that many times she involuntarily 
emptied her bladder under conditions which caused much embarrass- 
ment. After subtotal thyroidectomy, all of the previous s.vmptoms dis- 
appeared except this one which could never be eradicated (six years’ 
follow-up) . 

The Thyroid Crisia . — 

Crises occurring in toxic thyroid disease may develop in any case, 
including the most unexpected. That thirty-three of forty-nine non- 
surgical deaths were due to crisis, as compared with twenty-tliree of the 
forty surgical deaths (Boyce®) is undoubtedly significant. jMost of the 
nonsui-gical deaths from crisis occur in the medical wards, in patients for 
whom surgery does not seem to have been contemplated. 

Patients with toxic thyroid literally stand in .ieopai-dy every hour. 
This condition is at its maximum immediatel.v after thyroid operations. 
Patients in which there was no operation are subject to many other stim- 
uli sufficient to throw them into a crisis. The subjects seem not to tol- 
erate the mere act of living. They react badly to psychic trauma and to 
consequent emotional disturbances. The most trivial intercurrent ill- 
ness or accident is enough to desti*oy their delicate balance and to throw 
them into crises which may readily prove fatal. Similar crises may also 
result from operations on distant organs and even minor surgical inter- 
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,\i.i,i;i!uic Mi:rn\MsM III' '1 iiviioniMCtmis li.'! 


veiitidiis. rdi’iili^cn liiiT.’ijiy iHati*-!’). iliyioid iiicdical i<m. iiikI 

suddi'M inti'i'niptim) of a jm opi-i.ilivo iodiiio Ilicrapy. itifi l•;ioIl^, diai;- 
iiostii* I'ltu'cdiiri's' Mitdi as llo- liotri iiinialioii nf lin- hasal inclalioliMii, 
bmlily oxcrlioii, attd ojno'iioiial slr.iiti'.. A m ViTc lliyroloxiciisis 

may also load sj'oiitjuiooiisly |o a t-ri'-is. 

All thyroid lypi-s of oprration*' iniilnti lal oi- hilalora! ro^i'ctioiis of 
llu' plimd. polar liaatitms. idthor in >iii':!o or iimlliph' stall's- -carry 
the daiiircr of a siihst'ipioiit cri'-i'^ in almost i’(jnal diarri'c. h’or all snr- 
f:oons. the relative nntnhcr of sneh posiojici alive eiisc's is to a certain 
extent a matter of sldllfnl operative icchniiptc, of "ood fortune, and of 
irood and jirolonecd preparation of the patient hefore operation. Tin* 
latter, e.sjieeially, is a most important factor. 

At one of onr hospiijds I eotnpared the lesidts of operation and the 
Ircqneney of oceurrenee of jiosioper.ilive crises of the oja-rations done in 
one .since hy my.self and thosi* done hy the other memhi'rs of the .staff who 
did their operations in jiinltiple .siai!e.s. I could not see mmdi of any 
difierenee in results hetween the two "roups. 

The symjiloius of the fatal jiosloperalive crisis are eharjieterislie and 
too well known to reipiirc* description Thos(> of tlie other, tin* non- 
pastoperative form, very similarly as the different elinie.al forms of thy- 
I’oloxieosis. Airfiravation of exi.sliiur .sym))loms is eharaeterislie and 
tlio.se referahle to some oruaiiie .sy.stem, sneh as the "asirointestinal and 
cerebral .s.v.steins. ]U'edomina1e. 

In .severe ea.se.s. the imtiiml exhihits inereasiu" museular jitrophy, fre- 
(luent vomitinc ditirrhea whieli defies treatment, motor unrest, anxiety, 
slecple.ssne.s.s. psychotic delusions, and finally coma. There is dr.vne.ss of 
the hair and skin. There is a leiidene.v toward deseendiii" infection in 
the rc.spiratory tract, and an inerea.siiiir maifnnetion of the eardiova.scu- 
lar s.v.stem. An inereasiiifr amount of urobilinoiren is found in the urine 
with a tendene.v toward oli":uria, and a irreat inerea.se in creatine in 
proportion to the total creatinine. 

The eoui'se of the illne.ss duriu" a eri.sis may he fatal after one or a few 
days, or the .s.vmptoms ma.v recede after the exciting factor, such as in- 
fection, subsides or effective thcrai>.v i.s instituted. 

No diagno.stic means exists for detecting the impending crisis except 
in the clinical manife.stations of the disease. Not always are tliese recog- 
nizable even to an observant ph.vsician. For this reason, every case 
deserves the utmost care and watchfulness. 

1. Pathogenesis, Phiriglandular Origin . — Originally it was generally 
assumed that thyrotoxicosis was essentially a primary disorder of the 
thyroid. The possibility of the existence of varieties of thyrotoxicosis, 
in which' the primary seat of the disease is outside of the thyroid, has 
since been recognized, however. Most clinical and research observers 
have classified the disease according to the assumed probable primaiy 
seat of the disorder as follows : 

A. Primary, thyrotoxicosis, that is, thyrotoxicosis primarily of thy- 
roid origin. 
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B. Secondary thyrotoxicosis, of wiiicli three subvarieties may he recog- 
nized : 

(a) Those of pituitary origin — liiyrotropic hormone excess 

(b) Those due to deficiency or antithyrotropic principle 

(c) Those of endocrine origin other than pituitary. 

■ The normal activity of the thyroid is dependent upon pituitaiy secre- 
tion. Experimental ablation or destruction of the pituitary gland leads 
to ph 3 ’siologic and morphologic involution and ati’opln^ of the thj'roid. 

In maiiA^ of the cases of crises, po.st-mortem examination has demon- 
strated the presence of changes in the posterior lobe of the pituitary 
(Sunder-Pla.ssmaun^^) . 

The pace-making thyrotropic factor is derived from the pituitary 
gland, but the demonstration of an excessive thyrotro]nc factor in the 
blood in thj'rotoxicosis has so far been unsuccessful, po.ssibh* because 
the secretion is fixed or altered in some rvaj^ to make it unrecoverable. 
The euhninating factor in thjmotoxicosis is some degree of thj-roid hy- 
peractivity. 

2. Central Nervous System . — In a number of cases, morphologic 
changes in the central nervous s.vstem have been observed, particularly 
in the hj^pothalamic centers; furthermore, hemorrhagic foci were found 
in the region of the vagal nucleus. In such cases, the entire brain shows 
marked changes reminding the pathologist of encephalitis. 

There is a neurogenic conception of the etiolog.y of the disease 
(Sunder-Pla! 5 smann®^). A neurologic connection to the thyroid has been 
established bj" the discover.v in the thj’roid of a neurohormonal cellular 
system connected through the paras.vmpathetic s.ystem with tlie vascular 
endothelium and the thrTocytes of the follicles. These neurohormonal 
cells are distributed throughout the paras^^mpathetic system and the 
endocrine glands; they form an independent parenchyma within the 
thAU’oid, and they determine the normal and abnormal output of the 
thyroid. The significant factor in exophthalmic goiter is the unre- 
strained absorption of both the stored and newlj" secreted colloid ma- 
terial. 

Crises occurring spontaneousl.v diu-ing conseiwative treatment show 
an extreme upset of the s.ympathetic nervous s.vstem and are caused bj^ 
the unrestricted absorption bj^ the neurohormonal cells and in the im- 
mediate postoperative period bj' th 3 Toidectomy. 

There is abundant clinical evidence (Jlaranon,^' Etienne and Rich- 
ard,^® iilerklen,^" Railliet,^^ Kahane,*' Rothackers,^® Johnson,-® Bar,- and 
Dannehl,’'^) that an enormous number of cases of Graves’ s.vndrome arose 
as the result of fear during World War I. Crile^® expressed the 
opinion that the characteristic facies and most of the sr-mptoms of the 
patient with Graves’ s 3 'ndrome and those in man or in an animal in a 
state of fear are remarkabl 3 ’^ alike. As long ago as 1899, Darwin and 
Sir Charles Bell noted the marked neurogenic manifestations in toxic 
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The I’lieiidiiH'H;! <ii leur ns tjms inilj. Jms m.-inv ic-cinM.'iiiees’ to 
llu' ]>lielKiineii:i oi :iil >-]ii!cjiI ).• nd.-n'l: niiil eiiii\ !i]'«inii. ’I'lic i-lnse rel.'ilioii- 
•sliifi of e|iil(‘jKy ninl fX<ipIil iuilniii' nnjit j- v,;)s juh] <'(i!iiine!i1i'il up'Mi 
I .illiiiil).' ■ (It)!(.j- dhi-t.j-vi.j's vi l!!;(I i of tlicse eoinlitiniis 

had the Miliie sjieeille .syniptoms, 

-Ai)j);ifeiitiy Jh,- ncrvotiv eoiijp,in« nl of I hyrotoxii-osis is unrelieved liy 
tu-ilinenl (niedieoh thyroideelouiy, eie. ). pnvsildy lieenuse (lie lu'rvous 
jial iu\ a_A ,s li;iv(. p„, firmly est.-dilislii'd ;iiui too resjamsive. ]ii 

some eases (liese i-esidunfs repr<-.''<-ni a true py\‘elioueuro'-is. The dif- 
feicntiation hetweeii t<ixie ivsidtials and p^yeimiieuro'-is is of i)ro>i?iosf ie 
siginfiennee. F<ill(nv-up stiulies show iliat tiiere is ii eoniparalively Iieavy 
iiieideiiee ot nervous discu'ders aftiT lh\ roideetoiny. which would iudieate 
* ^TPi’-nliou I'cinove.s finly the most iinportanl udandular eoniponont 

an leaves the fundaineiital ilisorder untouelied. 

Wax atid Loi-eiite''^ ohserved fiuil flic )>a(ietits with exojdithnlniie. iroilev 
anc «i(h iniVraiue eliiiiinat«-d <luriiu> their crisis a sulistanee willi an 
intense aeetyleholiue ('fiV'ct. and they direct attention to the role of 
aecljleholine in (he exeilaiion of Hu- syinj);i(he(ic nervous system. 


niscrssiox 


If one analyzes (his faeliial knowlediii*, one is imjiressed l)y tlie fol- 
0A\infr jjronp.s of (dinieal manifestations: 

1. The frequent familiar eonstitulional fendeiiey (Cliareot,” Saltier, 
^aueif 0.stwald,-2 Piissler,-'' Holst J3arker.’ Falla,”' Biedl," and 

nsca.mp®), clinicians have noted its oeeasional oecurrence in two 

01 more members of the same family (Sat tier,-'" Buschan,”’ Lerrede and 

toilet, "" IMoss,'” Bauer/’ Clivostck,’" Falta,’" and numerous others), 
-less irequent ly, Graves' disesi.se. has lieeu rc])oi'tod as occurring- in mother 
and child (Sattler,-'"’ Bauer,-"’ Lenz"-). 

A case is described in wdiicli a liy.sterical woman had ten children, 
eight of -whom liad exophthalmic goiter. One of tlie eliildren had four 
grandchildren, three of -whom had exophthalmie goiter and one of these 
was also hysterical.’’'-' 

Souques and Lermoyez"" saw’ sixteen such instances in adult members 
0 one family during the cour.se of three generations. 

2. The onset of the illness is commonly referi’ed to some Avell-defined 
incident or episode which is so recognizable to tlie patient tliat he very 
0 ten voluntarily gives this information. In the exceptions, it is highly 
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probable that some such incident did occur, but, for some reason, most 
probably its insignificant or insidious charactei*, it was not registered in 
the patient’s mind. 

The fact that the disease might originate very acutely and progress 
Avith great rapidity only emphasizes this point all the more. Tlie charac- 
teristics of the nonoperatiA'e crises are A'ery similar to the original man- 
ifestations at the time of onset of the total illness. In tlie postoperative 
cases, the evidence is OA^erwhelming and is universally accepted, that the 
crisis is precipitated by the operation on the thyroid. The fact that 
crises may be originated after other types of operation, or after the many 
trmal and important causes previously referred to in this communica- 
tion, indicates that in every ease there has occurred a definite event 
Avhich has preceded the crisis. 

The fact that in the nonopei’ative crises there are cxam])]cs in which 
no definite cause can be demonstrated does not alter the preceding state- 
ment necessarily. It means, perhaps, that the cau.se has been too trivial 
to register, as a single incident, but that it has been repeated many times; 
that in the discomforts of the illness, the patient did not appreciate 
or perceive the provocative cause; or that the powers of olrservation of 
the physician have not been sufficient to expose these causes, or that he 
was not available Avhen they occurred. 

3. In recAU'rent or persistent thyrotoxicosis, both in medically and sur- 
gically treated patients, the same factors and causes, including physical 
and psychic trauma, pregnancy, infections, etc., arc always responsible 
for the exacerbation, recuri’ence, or persistence of the toxic .state. The 
acuteness and severity of these manifestations vai'y as in tlie original 
stage of the disease and are of similar pattern. It is important to re- 
member that this type occurs without, as Avell as after, operation. 

4. No method of treatment, medical or surgical, actually “cures” the 
patient. No evidence exists that iodine, x-ray, or operation is ei;rative, 
as the physician would know if he followed his supposedly cured pa- 
tients until the end of their lives. Iodine brings about remi.ssions of tox- 
icity. It prevents aggravated manifestations of toxicity over long 
periods of time. It mitigates the severity of exacerbations which occur 
in the natural course of the disease. Anatomically, it produces involu- 
tionary changes in the gland. But by the same token, no gland is ever 
brought back bj* iodine to an entirely normal state, and clinically no 
toxic patient can ever be permanently cured by it. The stimulus to dis- 
ease remains; sooner or later the gland returns to activity, and the tox- 
icity flares up anew, as soon as iodine is withheld. 

Anatomically, the following changes occur : 

The first stage is that of hyperplasis, well recognized by the accom- 
panying general symptomatology, including the thi’ill and bruit over 
the thyi’oid area. It is the stage of toxicity of bypeiwascularization. 

The second stage is that of the so-called “resting” thyroid in which 
there is a tremendous accumulation of colloid within the acini. Con- 
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coiiiitjuidy, dll' iiti'J.'ilmlii' liiJo iitortiotliy towavd t'v iulo tho uof- 

nuil or iiiiiius r.'Hinr'. tho woicl^t ijoooM-s, ;m<i there is n reilnetiou of ))ic 
lionrt rate to a sati'>fsit't< 0 ’y huttre. Uttt tli<‘ e\ii|>h!)ialiiio,s may ))e nt)- 
nltoml or only sUtihlly :ijn} hi a I’ertaiii )>ei ('eiila"e of iiislimces 

(tmivluHl hy a li'inleiiey lowani exia-'-s ueielil j a lillle more }iromim>iit. 

In die Ifiiril xlatre tliyrojii im'otutioii tieeiii'. ami in '.mne ea^es atrojiUy 
aedialiy oceur.s. 

Ad(*r o|ieralioti. it ajijtears if the e>«nv>-e am! dev.-iiijmu’ut of the 
disease lias heen eiit off and slopped al the ‘■ijit^e and timt' of dm per- 
fonnanee of the <»pcration. The havd meial)oliv.m deei'eji''es more rajiidly 
when Kuhtotal thyi'oiiieetomy is performed than after nnslieal Ireatmenl. 
Iieeunse die diyroid tiland is resp(m.sihle for *10 per cent of die iv.nfy 
in'at (fhihois'd. The patient {:ains \vei”iit. die pnise tale drops, and 
the treiimr siihsidi-s to a deop,.,.. Ifni, m'Yevt!odes.s, in spite of tiie fact 
that tile paliont states that lie is ‘'well.'* physieid e.vamirmion of the 
TatieiU diseluses tlr.it all of the previously exist ino oh.jeetive .symjitoms 
and eUeituhle siuns and manifestations are still jncsenl. inehtdint: mnoliii 
otltens. die eardina! symptoms of thyrotoxieosis or exophtliidinie "oiter — 
nervousness or elieitalde nervous syminoms and manifestations, raiiid 
indso exophtlifilmos. etc. 

a. Tile seeoiidjiry manifestations feomplietitioiis of Ih.vroioxie disease 
nidudimr eonjjestivi* lieart failnre, nitrogen retention, vomidn.ir, dinr- 
dioa. rapid weiuhl loss, emotional inslahilily. an aimormaily low index 
of re.spiratory .stability (Hartlett*), an aimormaily low liver fvtnelkm 
(Qiiielv^'''). and an unstdisfaetory exereise test (Bavdedd are only 
temporarily, ineomplelely and somedines not at a!! relieved, and are con- 
stiuUIy snhjeet to veenvveuees and exaei riialions, so dial the jiatient nnist 
he under constant mcdieal .siirveill aiiee. 

In posl-iiiortem room exiierienees. one is eon fronted with die follow- 
ing findintrs ; 

The Tht/mits. — ^Jn many eases a larfre tliyimis is found. It wa.s found 
ulioul 80 to tlO 5 icr eent of die fatal ea.ses of Drave.s’ di.sease by 
Seeli'r;'*^ and Ilaherer''' found a larjrc lliyimis in 100 per cent of those 
patients dyinjr operation J\ ocher-" found an culiu-ited thymus in 

about 50 per cent and Hammer"" in'about 63 per cent of all patients with 
Graves’ .syndrome. 

The fir.st report of the a.s.sociation of a h.vjierlropliiocl thymus with 
thyroid disease was made Ii.v jtlarkliam"® in 1858. Numerous reports 
wnfirniing Ids observations are in the literature (Hatti,"” MacKeuzie,"'' 
Blackford and Prcligli,' Crotti,’" Giordano,"' Potter,"® and hlargolis""). 
Blackford and Preligh," in a study of 137 necropsies on patients who 
had had thyroid disoa.se, found ]iy])ertrophy of the thymus in every pa- 
tient under 40 years of age with a hyperplastic gland and in eveiT pa- 
tient under 30 years of age witli a nonhyperplastie ,gland. They con- 
sidei-ed thymic hypertrophy and lymphoid hyperplasia a result rather 
tiian a eoutriliuting factor to the thyrotoxicosis, kiargolis/® in a more 
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recent post-mortem stiidy of eighty-five cases of thyroid disease, ob- 
served hyperplasia of the thymus gland in 85 per cent of the patients 
with exophthalmic goiter and in 53 per cent of the patients with ad- 
enomatous goiter. He thought that the possible significance of the hjT)er- 
plasia may represent a comstitufional, inherent disposition to the develop- 
ment of In-perthyroidism. 

Tlie rapid development of the thyroid ci-i.sis and tlie frequent, often 
sudden, death of the patient have led to the belief that the complication 
may be associated in some way Avith a dysfunction of the tliymus. 
Thymic death, hoAvever, does not resemble in many -respects death from 
tliA’roid crisis, but the majority of patients dying in crisis arc found, at 
autopsy, to haA’e a persistent and hypertrophied thymus. 

The muscular weakness manifesting itself in patients Avith BasedoAv’s 
disease as Avell as the adynamia, Avhich, in coma, finalty develops into 
myasthenia, is regarded as the effect of tlie thyroid hormone upon the 
chemical metabolism of the nuASCulature. In numerous easui.stie ob- 
serA'ations, the coincidence of thymic enlai-gemcnl and myasthenic 
symptoms has been noted. 

That GraA’es’ syndrome and thymic enlargement are not simultaneous 
reactions to the same insult is shoAvn by the fi-equency Avith Avhich they 
are totally dissociated in the same patient. It is Avell knoAA’u that persons 
AAuth the thynde constitution are extraordinarily sensitive, not only to 
phj’sical influences such as traumatism, narcosis, infections, etc., but 
also to psychic influences. The latter is proved by the f j'equeney of sui- 
cides and of neuroses among such patients (Koliski,^® and Parata- 
schcAv^*). As the essential characteristic of the constitution of GraA’^es’ 
syndrome is the extraordinary sensitiA'ity to physical and psychic 
stimuli, is it not reasonable to assume that the thymic constitution is 
merely a potential basis, not necessarily nnivcrsal, for the dcA’elopment 
of Grave.s’ SAUidrome? 

The Liver . — In the cases reported by Foss, Hunt, and i\IcMillan,-‘’ 
there Avas only one nomal liver in the patients dying during time crisis. 
Ten of the eleven subjects shoAimd A’arying degrees of necrosis in the cen- 
ter of the lobules. There Avere eight necropsies in Avhich fatty degenera- 
tion of the liver cells Avas a prominent feature. This change Avas more 
marked in the livers in AA’hich necrosis aa^s extensive. Cellular infiltra- 
tion AA-as present in three organs and congestion in one, the latter oc- 
curring in a patient avIio had healed mitral endocarditis. 

The liver changes are remarkable. In the liver the action apparently 
starts at the periphery of the lobule and products a parenchymatous 
degeneration of the cells similar to that produced by other toxic agents. 
There is a marked reduction in fat and an almost complete absence of 
glycogen, factors Avhich probably preceded the degenerative changes. 
The fibrosis probably indicates a preceding condition of hepatitis, that 
is, hyperemia, edema, and degeneration Avithout hunphocytic or leuco- 
cytic reaction. 
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I'wi^ tvjits- fif liver p.’iri'iiehysn.'jl eelK -tre ji ‘•juinsilile fur the v.'irieil 
lu'lKltie ftlliolinil';. The VeiieUloeJMlotiieii;!) Ktljifi'er eelh eli'jir the 
lu'p.'llie Monil uf pnriietihite iiintfer ntid shrir* in the forinniioit nl' jiiili 
iKnlic-K tiinl ai)tiioNiiis> Knelt hepasie ei-H i>. a tmit iii it'-elf, eniiirihntiiiL' 
its share let the ittiiltifi»l(l ftinetiuns atlrilntted jm the liver as an firman. 

In mtler to ttnulnee exj>erinteiit{il !i\ pet iliyroitiisui, Seiahy"' ttsed thy- 
roxin by liypiulerntie injeetion. The anatoinii- |in<litr:s lesenthle those 
seen in jietite jinil t'hronie eliniea) eases whieh ha\e <’oiue to jmtopsy. 
The fittilincs oonsisted of loss of weirlit and visceral eiiaiir'es in the 
liv('r, ht'art, hiditt'ys. s]>leeii. hypophysis, jrarathyroids. and jianereas. 
lit the heart and liver, they wa n* eharael< ri/ed hy a richly vasetilarized 
fthiTtsis. lit elinieal niedieitn'. liver ehannes .are fottinl in all eases of 
thyrotoxieosis atid foriii ati ini)iortattl j»ari of the tot.al illness (see 
Disenssionl. 

The imitereas of the uttiitea )dt:s piesented reiitarhahle inodilieations. 
In the itetUe iittoxieation. there was deueiierat iott .aiiiotiittinii .almost to 
necrosis of the islets, lit the elirotiie iiiioxie.ation. thine was hypertrophy 
of the insnlar aiiji.arattis .anionniintr to two or three times tlnit found in 
the nonnal. The tiitplieation of these exjierimental facts m:iy indicate 
that the Ihytatid liormotte stimulates paneroatie hy))erplasi,a. which in 
turn otn])ties the liver of its reserves. 

The incorporation of the fnnetion of .antihody tietivity and the pro- 
tection against disease in the many and vjirions physiolojrie activities of 
the liver arc avoII Icnown. In eeliular dostruetion of tlie liver paron- 
clnmia, .all functions jirc lessened and deteriorated. In tliyrotoxic di.s- 
ease, it is well known that tlie liver .ahnormalily is a ino.st important 
factor. 

M.addoek and liis as-soeiates'"' eoiielnde that (1) proo])erative .studies 
of the hepatic fnnetion f>:ivc no indication of the mildness or .severity of 
the postoperative course, and (2) in liie ])os1 operative period llicre i.s 
an increase in the impairment of the hejmtic function, witli an increase 
in hypertliyroid rcaction.s, hut no evidence to show that one is the cause 
of tlie other. Lesions in tlie liver appear to lie an integral part of the 
sjTidrome of severe toxic goiter. 

CojuparKon WUh Ccrlnin Fachml Knorvlcch/c of Allcrfiic Conditions. 
—Recent research has indicated tlial certain relatively ohseure diseases 
Olay he 'dependent upon an increased reactivity of tissue to various 
known and obscure antigenic substances. Allergic responses occur in 
a large number of diverse conditions, can he demonstrated by skin re- 
actions which are specific for some only, and are probably caused by some 
cellular protein sub.stance or by other products of cellular metabolism. 
Frequently the reaction is a nonspecific one. 

WeiP” believes that anaphylactic and allergic reactions are of a cellu- 
lar and not a humoral character, because lie was unable to demonstrate 
the presence of any antigenic substance in the blood of experimental 
animals. He is convinced that the site of the reaction is in the paren- 
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eliymal colls oi' the liver. In his experimental animals, ^\'^eil I'onnd that 
the liver dominates the entire picture: in the veiy severe cases, the or- 
gan is tremendously enlarged; it is intensely cyanotic and bleeds freely 
on section ; the parenchymal cells show varying degrees of congestion 
and hemorrhage, clouding, swelling, and in severe cases, a disseminated 
necrosis. 

In long-.standing cases, the liver changes arc even more marked and 
assume a chronic character even to certain fibrotic changes. Changes in 
the other organs are very similar to those described ])y Sciaky"’' (see 
Discussion). 

Neurologic Allergy . — The association of asthma, urticaria, migi-aine, 
and epilepsy has long been known. According to Blanton® and to 
Kennedy,-® the brain, meninges, and nerve trunks are all subject to the 
allergic reaction, characterized by vascular spasm and dilatation, sud- 
den localized edema, and cellular infiltration (focal angioneurotic 
edema), and reflecting the location and degree of focal injury. Accord- 
ing to Kennedy,-® such focal areas (1) involving the brain substance 
cause epilepsy; (2) involving the meninges with painful stretching cause 
migraine; (3) involving nerve roots and trunks cause evanescent periph- 
eral motor paralysis, and (4) that many cases of “transient palsies,” 
retrobulbar neuritis, and maladies of peripheral nerves and spinal roots 
are all due to protein sensitization. 

Changes in the brain during a migrainous attack were actually ob- 
served by Goltman^^ in a patient with a cerebral decompi’ossion. In the 
initial stage the patient’s face was pale and the area of decompression 
sunken (vasomotor spasm). With the appearance of headache and 
vomiting the face became suffused and through the decompression open- 
ing a bulging mass appeared (vascular dilatation and edema). 

SUJIMARY AND CONCLUSION’S 

One must accept Hertzler’s^-' conception of all thyroid disease as one 
continuous disease process. One mu.st then arrrive at the conclusion 
that some underlying condition is present, that the patients have been 
suffering from latent if not active toxicity for very long periods of time, 
and that all the manifestations, including all exacerbations and recur- 
rences, are episodes of a single disease. 

Very acute onsets, and all sudden exacerbations including all crises 
are due to the sudden release of some factor which acts in a very power- 
ful manner, apparently through the thyroid, as an antigenic and/or 
catalytic agent in an already sensitized individual. 

Thyroid operation in thyrotoxicosis followed by a thyroid crisis repre- 
sents a laboratory experiment in which a successful “take” has occurred. 
The large number of “takes” only emphasizes this fact. The diffi- 
culty in understanding this sequence of events is due to the fact that the 
pathogenesis of this sequence is rarely made clear by po.st-mortem ex- 
amination. In this state it is obvious that there arc profound toxemia 
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aiui u vidlonl iUiil oY<'n\li('iiiiin!: liiMurhaiii'i* of nicialiolir jtioccssi's willi, 
no (l(nil)l. ji ju'ol'inimny altoivil hlotol olu niislry. Slnilit s on llio hloml 
rlii'inica! variations in a stalo of <>ri''i>. Iiavc not yielded sali'-faelory re- 
sults. Iieeause the eansii! body Inis not yet laeii identified and cannot, 
tlierofore. he measured. 

There is no douhl that the stinly and nnilerstandimi of tliyrotoxie 
crises furnishes the hesi ajiiiroaeh inni e)ue to the nndei-sfandinir of 
thyrotoxicosis in general. 

Xeurohigie ]ialhway.s and a jicnrohorinona! el•Ilnlar system liave lieoi 
demonstrated (•'sunder-PlasMuann 't whereliy an ex<d1alory cause could 
he quichly disirihnted ami could hritiu ahout the acute ami liyiteracute 
onsets, and the eiiually acute exaeerhations ami crises. There is further 
factual knowiedi:e ix-uardini: many simil.irilies helAVei'ii thyrotoxicosis, 
ncurolo>,iic alleray. e]ulepsy. and certain mental stales, esjiecially fear. 

After the disease has been |U’cscnl for some time, the deinonstrahle 
palholoirie-atiatomie ehanties in thyrotoxicosis (Hasedow's disease,- exo))h- 
Ihalmic iroiter) are vm’y similar to those seen in eiiually lonii-stamliim 
cases of allcruic tlisease. In this reuard tin' liver elian'ies are esjieeially 
important, and the hno\vicdi:c of tin's anatomic and clinical association 
is well .spread hy this time. Hceausc of inlu'rc'nt physiolojiie functions 
of the liver, this has .special reference to .sensitization and antibody 
formation. 

This factual, clinical, and )iatholojiic evhlem'c seems overwhclminjily 
in favor of the viewpoint that thyroloxieosis must he elassified — at Ica.sl 
as far as its palhopeuetie mcehanism is eoneerned — with the allerfrie 
group of disca.sos. 

In the medical treatment of thyrotoxicosis and in the jirejiaration of 
timrotoxic patients for operation, iodine thmiors .solution) seems to 
exert its benefieiid effect hy decreasing the sensitization of the i)atienl. 
The occasional nncont rolled efleel whieii it sometimes causes is in lino 
with the occasional similar action of other antigenic bodies. 
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M I'jADK ;uu 1 in •lu't folt'Mi llirrml Avniild 

. 1(0 !i vrry N.'itiNfin'tory snnuv for oinployiiK'n! in war injuries in 
file iiel<l. One of (lie early ri'porfs *>f tin- use of eoOon in ])res(‘nl-(]:iy 
Held KurtriTy e:inu> from a TaO lied liidd lios-pilal. sliorlly after llu' eon- 
elusion of llie Carolina maneijv«-rs of 1*,'1I. and eniliodied an analysis 
of 1-4 eleaiK eontaininateri. ami infeeted uonnds wherein eotlon had 
heen employed. The results ohtained tlnrehy were in sni)port of tin* 
eontention of Meade and < tehsner her<-tofoi e stated. 

'Ihe current rejiorl d<'seril'es further experii'iiees with eotlon sutures 
durinir a period of duty in the Stuithwesl P.-ieilh- Area. In some silu- 
alioiis the typ(‘ (if surfK-ry performed has heen analotrons to that of the 
ordinary station hospital, while at oilier limes it has consisted jirin- 
eipally of Hm eare of hallle easunities. 'I’lie work has heen performed 
Pi a variety of I'ireumstaiu'es — sometimes in modmai huildiims, some- 
timc.s in touts or makeshift shelters, and oftentimes in situations whore 
sonic oontamination hy insects was unavoidable. 

Tiirouphout this time the employment of cotton for sutures and 
ligaturo.s has hoen in the natui'c of a routine jirocodure. although there 
have been some fairly constant excejitions. .Stainless steel ivire has 
been regarded as the suture of choice for the actual repair of tendons, 
although cotton has been used for liomostnsis and for closure in such 
cases. Catgut has been employed regularly in rectal surgery and for 
the mueo.sa] suture in oiici'atioii.s upon the gasirointc.slinal tract. Heavy 
laided silk is iirofcrred for through-and-ihrough closure of the abdo- 
Pien. With occasional further exeeplioiis cotton has been employed 
I'outinely. 

Only nonmercerized cotton lias been n.scd. Interrupted suture tech- 
nique has generally heen employed. Quilting cotton (No. 50), either 
single or double, has been the size most frequently selected. AVhen a 
finer suture was adequate, No. 70 or No. 100 was used. Ligation of 
large arteries was accomplished with No. 3 6 cotton. 

COTTOX SUTUUES IN .SUKGKBY OTHER THAN ON BATTLE CASUALTIES 

The series for which cotton sutures were used in surgery other than 
on battle casualties consists of 534 major and minor operations of all 
types in which cotton wasVie sole or predominant suture. A detailed 
analysi s of the cases constituting this series is given in Table I. 
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I 


Appendectomy j 74 

Hernia, inguinal r>?, 

Hernia, umbilical or epigastric 11 

Cholecystectomy 2 

Perforated peptic ulcer 2 

Gangrene of epiploic appendix 1 

Rupture of liver 1 

Appendical abscess 1 

Cecostomy 1 

Sigmoid colostomy 2 

Retroperitoneal tumor 2 

Resection or repair of perforation of bowel 2 

Release of small bowel obstruction 2 

Closure of fecal fistula 1 

Suprapubic cystostomy 5 

Subtemporal decompression 1 

Cranial burr holes 2 

Aneui-j'sm of superficial temporal artery 1 

Mixed tumor of parotid gland 2 

Thyroid adenoma 1 ! 

ThjTOglossal duct cyst 1 

Branchial cleft ei’st 2 

Tracheotomy 1 

Excision of male breast S 

Hydrocele 2 

Excision of small benign tumors, cysts, etc. 35 

Saphenous ligation 22 

Plastic revision of cicatrix 10 

Primary closure of fresh laceration 40 

Repair of lacerated tendon 15 

Dfibridement of soft tissue wound 13 

Debridement of compound fracture 31 

Skull 7 

Sacrum 1 

Humerus 2 

Radius and/or ulna 1 

Carpals, metacarpals, and phalanges i) 

Tibia and/or fibula 5 

Tarsals and metatarsals 0 

Amputation 10 

Mid-thigh 1 

Midleg 1 

Digit 8 

Open reduction and internal fixation, simple fracture 12 

Mandible ‘ 1 

Humerus 1 

Radius and ulna 1 

Femur 4 

Tibia and fibula 3 

Tarsals and metatarsals 1 

Patella 1 

Ddbridement of wound of joint without fracture 2 

Osteoplasty 7 

Excision of bursa 5 

Removal of loose body from joint fi 

Acromioclavicular separation 2 

Excision of semilunar cartilage 9 


In this series only four complications which hear any apparent rela- 
tion to the type of suture material are known to have occurred. In 
each of three hernias, repair was followed by a persistent draining 
sinus for correction of which a subsequent operation was performed. 
In one ease of peritonitis, evisceration occurred following layer closure 
of the abdomen with cotton sutures. 
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III fnuiiu'i’.-iliiiu llicM' (Mnniilii'.'ilinn'.. <Iii<> cot'ni/'.'mcf iiiiist lio talccii 
Ilf llio fiU’l tliiil onr oppiirl unities fur prnlimui'd eliniciil fnilinv-uj) ;in' 
infroipu'iil niul lli.-il Jitlier ciimplieal iciiis may Imve arisen of wliicli we 
have iKi lino\vl(’<li;(>. Tlial tlirir iin'ideiiec slnuilil he larue. Iiowrvi-r. 
is unlikely, inasmueli as patients nere mwlinarily retained in tlie 1ms- 
jiilal until they wma' able tn r« suine full cluty status. We have seen 
oe(*asi(inal instauees in wliieh. .smne nmiitlis after opm'ation. a sulieii- 
tanemis limiture eould be jialjiated llirmmh llie nperative sear, in spite 
of llie fact tliat only tbe finest sizes* of eolton \eer(‘ used in sueli 
loeations. 

In addition to the series just presented, eotton lias been used as a 
routine heniostatie litrature in minor eonlaminateil ojierations sueli as 
incision and ilraiiiaire of abseesses or e.veision tif jiilonidal sinuses. 
Xo liindrnneo to wound liealiu" Mbieli eoiild lie attributed to cotton 
was observi'd. 

roTTON .srTfiins i.\ tiii; srianatv or itnTi.i; cssrAi/rirs 

The war wounds coinprisinfr tlie series in wliieh eotton sutures were 
nsed in the surgery of battle casualties are 2.‘I7 in number, d'lic aver- 
age interval between injury and arrival at this hospital was three to 
fo\u’ day.s. The majority of patients in this grouj) underwent their 
initial major surger.v at our hands, the notable e.xeejition.s being in 
wounds of the abdomen and chest. Cfross contamination of wounds 
was the rule, and infection had often beimnie establi.shed to the point 
of frank suppuration. i\teade and Oehsner'' have exi>re.ssed the belief 
that the most important use of nonab.sorbable suture materia] is in 
grossly contaminated eases. 

The usual operative ])roccdure consisted of the following: Careful 
cleansing of the skin; saucerizat ion of the wound or unroofing of long 
tunnels; excision of all devitalized ti.s.sue; relaxation of incisions of 
enveloping faseias; removal of fragments of bone, metal, blood clots, 
or other debris; irrigation with norma] .saline solution; introduction of 
a thin film of sulfanilamide; loose application of petrolatum gauze, 
followed, Avhen possible, by incoi’poration in padded plaster casts. 
Cotton ligatures were employed routinely in these cases. We were 
fortunate in having been so situated that the patients remained under 
our care for periods .sufficiently long to permit adequate observations 
of the nature of healing in most wounds. 

A detailed analysis of the cases constituting this series is given in 
Table IT. 

It is of interest to add that in forty-five instances Thiersch gi’afts were 
subsequently performed upon wounds in this series. It Avas the in- 
variable rule that healthy granulation tissue grew over and covered such 
cotton as was implanted in the wounds, with resultant smooth granulat- 
ing surfaces Avhich were altogether satisfactory for the application of 
grafts. 
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Table 11 


Sigmoid colostomy 


*> 

t> 

Eelease of small bowel obstruction 


1 

Subplirenic abscess 


1 

Perinephritic abscess 


2 

Intra-abdominal abscess 


2 

Suprapubic cystostomy 


1 

Traumatic arterial ancurv.sni 


3 

Axillary 

1 


Brachial 

1 


Eadial 

1 


Debridement of wound involving soft tissue onlv 


111 

Scalp and face 

4 


Thorax 

in 


Buttocks and sacrum 

8 


Penis, scrotum, and perineum 

(i 


Arm 

12 


Forearm 

0 


Hand and fingers 

G 


Thigh 

27 


Leg 

17 


Foot 

3 


Debridement of compound fractiuo 


SG 

Skull 

•7 


Facial bones (including mandible) 

G 


Clavicle 

1 


Scapula 

o 


Humerus 

0 


Eadius and/or ulna 

9 


Carpals, metacarpals, and phalanges 

7 


Eibs 

9 


Pelvic bones 

3 


Femur 

S 


Tibia and/or fibula 

8 


Patella 

5 


Tarsals, metatarsals, and phalanges 

12 


Amputation 


16 

Arm 

n 


Tliigh 

4 


Tarsometatarsal 

1 


Carpal 

2 


Digits 

6 


Debridement of wound of joint nithout fracture 


4 

Open reduction and internal fixation of simple fracture 

O 

Eadius and ulna 

1 


Humerus 

1 


Femur 

1 


Debridement and drainage of osteonn-elitis 

4 


Ulna 

1 


Clavicle 

1 


Ileum 

1 


Femur 

1 



No TintoY-ard effect could Ijc attributed either directly or indirectly to 
the use of cotton in any one of the 237 cases constituting this series. 

SUMMARY 

Cotton has been adopted as the preferred suture material for surgical 
use at a 750 bed hospital in the South-west Pacific Area. With occasional 
exceptions it has been used routinely. The series reported upon com- 
prises 534: major and minor operations other than upon battle casualties 
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THE SURGICAL AND ANATOMIC SIGNIFICANCE OF THE 
MAJOIILLARY TUBERCLE OF THE LAST 
THORACIC VERTEBRA 

Emanuel B. Kaplan, M.D., P.A.C.S., New York, N. Y. 

(From Vie Dcjmrimcnf of Jnniomy, College of Physicians anil Surgeons, 
Cohimhia University anti The Ilostntnl for Joint Diseases) 

I N THE course of observations made on the mounted skeletons in the 
laboi’atory of the department of anatomy of the College of Physi- 
cians and Surgeons at Columbia University, T noticed that the mam- 
millary process of the tAvelfth thoracic veitebra greatly differs from 
that of all other vertebrae in its shape and relationship to the superior 
articular process. It -was thought that the specific character of the 
mammillary process of the twelfth thoracic vertebra could l)e respon- 
sible for a comparative inaccessibility to the articulation between the 
eleventh and twelfth vertebral articular processes and, thus, account 
for the nonunion in this area, as observed occasionally after spine 
fusion operations by the method of Hibbs. 

In reviewing the extensive literature on this subject, it was found 
that one of the difficulties encmxntered was the nomenclature of the 
smaller processes of the vei’tebra, when attempts are made by the 
authors to define homologous structures. It is necessary, therefore, to 
correlate the nomenclature used by other authors with the nomen- 
clature used in this article. 

The twelfth dorsal vertebra represents the last thoracic vei’tebra in 
the human spine. In other mammals the number of dorsal vertebrae 
A'aries greatly. It is usually more than twelve. In the anthropoid 
apes the usual number is thirteen. 

THE MAMMILLARY TUBERCLE 

The human twelfth dorsal vertebra consists of a body which is con- 
nected by two short pedicles with the superior and inferior articular 
processes situated posteriorly ; two short transverse processes are placed 
laterally and behind the superior articular processes. The transverse 
processes of this vertebra differ greatly from the corresponding ones 
of the other Amrtebrae. They are shorter than the others and appear 
rudimentary. They show variations which are either symmetrical or 
asymmetrical. These variations may be comparable to the variations 
of the articular processes observed by Whitney, who found that the 
asymmetry of articular processes is of relatively frequent occurrence 
and is limited to the last two rib-bearing vertebrae, and that there 
might be a relation between these variations and exaggerated handedness 
associated with certain professions. 
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In Ihe oour.se of oxainination of spoeinions of liunian spino.s. it was 
noticed rciicatedly that {lie mainniillary or sujK'rior process of the 
twelfth dorsal vortohra is much lonirer and stouter than the corres- 
ponding proee.ss of the eleventh dorsal or first lumbar vertebra. It 
was also noticed that the niaiiimillary jiroeess is absent on all dorsal 
vertebrae above the eleventh. An iniporlant relation Avas found be- 
tAveen the mammillary process and the superior articular process. This 
relation Avas not found in the lumbar A'crtcbrae and seemed to be 
confined to the tA\'elfth dor.sal A'crtebra only, although sometimes the 
eleventh dorsal shoAved a similar but A^ery much less pronounced dis- 
position. "When the tAvelfth dor.sal A’^ertebra is examined from the side, 
the mammillarj' process is found behind the superior artieulai’ process 
Avith a deeii depression separating the tAvo processes. AVhen obserA'’ed 
from its posterior aspect, the mammillary process seems to conceal the 
superior articular process. A comparison Avith the eleA^enth dorsal 
vertebra shoAvs that the mammillary process is considerably smaller 
and is placed farther back from the superior articular process. The 
first lumbar Amrtebra has a completely different relationship) ; the supe- 
lior articular process and the mammillary process are in the same 
plane, the artieular process seems to be in direct continuation with 
the mammillary process, and there is no intervening depression be- 
tAveen them (Pigs. lA, IB, and 1C). Pigs. 2 and 3 represent lateral 
and posterior photographs of the tAAmlfth dorsal vertebra. 
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The depression between the superior articular process and the mam- 
millary process of tlie twelfth vertebra (Pig. 3) forms an angle which 
in this illustration equals about. 67 degrees. The relation of the length 
of the superior articular process from the apex of the depression to the 
length of the mammillary tubercle from the apex of the depression is 
28:23. The relation of the actual height of the superior articular 
process to the height of the mammillary tubercle is 25 :27. This method 


5urArt. Facet 



5 vp . Art. F/icet 



Fig. lA. — ^Tlie human eleventh dorsal vertebra for comparison with Fig. IB and 

Fig 1C. 

of measurement, represented in Fig. 4, was applied to an analysis of 
the last two dorsal and first lumbar vertebrae in a series of white and 
Negro, male and female patients. The results of the measurement 
showed that the height of the mammillary process of the twelfth dorsal 
varied in relation to the height of the superior articular process but 
was almost invariably much higher than the mammillary process of 
the eleventh. 

The angle between the superior ai'tieular and mammillary processes 
varied from 50 to 90 degrees. With the increase of the angle, the 
articular facet was found to be inclined more forward so that the 
cartilaginous surface of the facet was found to be directed more 
cephalad. The angles on the left and right sides were not always 



KAri,\N; MAMMii.i.MiY •irnr.i!«’n: or tiuiu\cic vr.itTr.iuix 81 


syimuel viral. In '18 ])rv rent of lln> hpinrs rxainincd. the aiiuir on 
the I'iphi siiio was "voah'v. In 8i> ]>t‘r (>('n1 i1 was foninl uvoat('v on 
the loft sitlo. anil only in 21 ]H>r i‘«*nt was it found syinniotvical. Tlio 
diffovotioo botwoon tho annlos vavird from ."t to 10 donroos and in one 
ease voaelu'd 28 defirees. No "real sifinifioiinei' was altaeliod to this 
variability. It nia.v have the same sitiiiiili'anee as the varialion of llie 
artienlar ])i'oeesses :is obsi'vved b.v Whitney and mentioned jirevionsly. 

It is shown in Table 11 that althon-rh the mammillary Inberele of the, 
eleventh vertebra may reach in certain instances less than one-half of 
the heiirht of the sniierior artienl.ar ])roeess. in the ma.ioril.v of the 
examined spines, the hei"bt of the mammillary process of this vertebra 
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Figr, IB . — Twelfth dorsal vertebia. 


was almost insignificant in comparison with the height of the mam- 
millary process of the twelfth vertebra. In one case the mammillary 
processes of the twelfth Amrtebra were of the type encountered on the 
eleventh vertebra, but in this case there was apparently an additional 
dorsal vertebra, because the first lumbar had all the characteristics 
of a dorsal Amrtebra. The mammillary process of the tAvelfth Amrtehra, 
in more than one-half of the exammed spines, equaled more than one- 
half, or about one-half the height of the superior articular process. 
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Fig. 1C . — The first lumbar vertebra. 



Fig. 2. — Photograph of the posterior view of tlie twelfth human vertebra. 
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Thore was no visihlo inanunillary piofi'.ss on the Iciiiji tioiMil vcrtclirn 
aiul noiif abovf j]ic ’I'Ih' jiiamiMillai'y jnocr.s'^ of llu* hnnlmr 

vcrtohra. as iin’iilioin-*! Itcforo. lii"' latoral to tin- arfi<'nlar process- aiul 
<locs not rcscinhlc in the Ic.-isi tin- typical relation lictwccn tin* two 
processes. The sprcilic relation of the tnlierele seen on the isolated 
twclftli vcrlehra was found more int*-resiinu on tlie mounted skeleton 





KIk. s. — l>ii(ito(,'nit>ti of (In- Iiitoiiil vS «• of Ui>- t\M‘lftli IniiDiiii vi*rt<-Itni. 


o 


r» 



*e. 4. Method of mea.suronient of the ratio between the height of the mamiiiillary 
and Miperior articular process. 


Here the inamniillaiy ijrocess of the twelfth vertebra cov- 
v^^-t ^ ^ 3oint between the inferior articular process of the eleventh 
et e ra with the superior articular process of the twelfth from be- 
, so that the joint itself Avas somewhat concealed. The joint 
e ween the inferior articular process and tlie superior articular process 
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between the ninth and tenth and the tenth and eleventh dorsal ver- 
tebrae, as well as that between the twelfth dorsal and first lumbar, 
can be seen very well from behind because it is not obstructed by the 
large mammillary tubercle, as seen almost constantly on the twelfth 
dorsal vertebra. 



Fig. 5. — Photograph of the right side of a mounted skeleton. The articulation 
at the top of the illustration is between the tenth and ninth doisal vertebra. The 
lowest articulation is between the twelfth dorsal and first luiiibai 

The relation of the tubercle to the articular process on the mounted 
skeleton induced an x-ray study of the area on Imng subjects. A re- 
view of over one hundred x-ray pictures of the spine disclosed that 
the relationship of the mammillai’y processes of the vertebrae was not 
visualized in the ordinary film. If need be, a special technique will 
probably have to be devised for visualization of the mammillary 
tubercles. 
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It may be of intGrc.st to note tbat tbc maniinillary processes of the 
last thoracic, lumbar, and sacral vertebrae have special cpiphyse.s 
which appear' about tlie time of pulierty and join the rest of tlic ver- 
tebrae after the eigliteenth year. 

COMPAItATIVn ANATOMY 

A systematic and detailed study of tlie comparative anatomy of the 
vertebral column belonging to diiTercnl animal groups is a very large 
subject presenting obnous difficulties. It is not witliin the scope of this 
article. This study was restricted to observations on a limited available 
material. Useful information Avas obtained from examination of casual 
specimens of quadrupeds and antlu’opoid apes, on exliihition specimens 
in the American Museum of Natural History and also from the litera- 
ture. I was also able to examine tlie spines of twenty gibbons of an 
excellent collection belonging to Dr. S. Washburn of the department of 
anatomy of the College of Pliysieians and Surgeons. 

As a result of this study it Avas found tliat the mammillary process 
exists in a number of animals. It may assume a vailety of forms and 
occupy a Amriabie position in relation to the articular process and 
lamina. Vallois made valuable obserAmtions on the spine of Cetacea. 
He noticed that the mammillaiy process, found in the ceiwical and 
anterior dorsal spine, is located on the base of the transverse process, 
behind the articular process. Further in the posterior dorsal region the 
mammillary process migrates along the verteliral laminae toAvard the 
spinous process and becomes a feature of the spinous pi'ocess on the 
A^ertebrae of the lumbar region. It then loses all relation to tlie articular 
pi’Ocess. In most of the amphibians it is usually extremely small and 
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does not bear any direct relation to the articular processes. Flower and 
Gadow described a peculiar relationship of the superior articular process 
and the mammillary process in the great anteater (lilyrmeeophaga 
jubata). This animal has a double .superior ai’ticular process in the 
lower dorsal region. Close observation shows a small mammillary 
process situated somewhat above and entirely laterally on the eleventh 
doi-sal vertebra. There is also a very small mammillary process in 
the lumbar region of this animal. The mammillary processes are de- 
scribed in domestic animals. In the horse, with eighteen thoracic 
vertebrae, a mammillary process is described in the last four or fiAm 
vertebrae. The processes are located laterally to the anterior articular 
process of the Amrtebra. In the coav, rvith thirteen dorsal Amrtebrae, 
the mammillary process is found to be quite small and rounded and 
located laterally to the anteroir ai'ticular process. In the pig, rvitli 
fourteen or fifteen dorsal A^ertebrae, a mammillary process is observed 
projecting laterally from the anterior articular process. In the dog, 
Avith thirteen dorsal vertebrae, the mammillary processes are observed 
on the last seven or eight dorsal vertebrae. They also project later- 
ally to the anterior articular surface and are usually small. 

Examination of three spines of gorillas, six of ehimjJanzees, and 
three of orangutans shoAved the presence of small mammillary proc- 
esses on the last tAvo thoracic and on the lumbar vertebrae. The mam- 
millary processes of the dorsal A^ertebrae of the apes Avere very small 
and Avere situated laterally in relation to the articular superior proc- 
ess. The articulation betAveen the eleventh and tAvelfth dorsal ver- 
tebrae Avas not covered by the mammillary process from behind as 
observed in the human spine. In general, in none of the examined 
animals did the mammillary in-ocess bear the same relation to the 
superior articular process of the tAvelfth vertebra as described in the 
human spine. 

In the gibbon the mammillary process of the last tAvo thoracic 
A'ertebrae shoAved a relationship to the superior articular process simi- 
lar to that in the human being. The gibbon, as a rule, has thirteen 
dorsal Amrtebrae. The mammillary process of the last thoracic Amr- 
tebra is located behind the superior articular process ; there is a deep 
depression betAveen the tAvo processes and the joint betAveen the 
tAvelfth inferior articular process and the thirteenth superior articular 
process is concealed by the mammillary process of the thirteenth 
thoracic Amrtebra in a manner similar to that found in the human 
being (Fig. 6). There is a great variability of the size of the mam- 
millary process and a frequent transition of the larger mammillary 
process from the thirteenth to the one above or to the one beloAv. Of 
the twenty gibbon spines examined, tAvelve shoAved the mammillary 
process on the thirteenth dorsal Amrtebra (last thoracic), six shoAA^ed a 
shift to the tAvelfth dorsal (corresponding to the eleventh dorsal 
human vertebra), and tAVO shoAved a typical lumbar structure. 
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Apparonlly llu* }ziI)l)oii is tho only Jiniinal witli niiiniinillai'y jn'oo- 
osscs boavinix a rplationslii]^ lo llio superior or arlicnlar jirorcss siniilai' 
to man. This fact may he of some imjmrtatjee since it is hnown that 
of all tho mammals hesidos man, the ‘rihhon is the <mly one which fre- 
quently assumes an orlho^rrade hiped )M)sition while ninniiur on the 
pround. 

From the forepoinp descri])lion it heeomes ajjparenl that; (1) the 
mammillary pineess is found universally in animals. (21 its position 
and size are variahle in relation to the articular ])roecss. and (8) the 
existence of a larpe mammillary pnteess of the twelfth human vertehra 
is similarly found only on the thirteenth (last thoracic) vertehra of 
the pihbon. 



Fiff. 6. — Comparative view of tlie eleventh and twelfth dorsal vertebra and flrst 
lumbar of a human specimen in the upper row. The eleventh, twelfth, and thirteenth 
dorsal and first lumbar of a gibbon specimen are shown In tho lower row of this 
mustratlon. 


The A’^ariability of the size and location of the mammillary process 
Avas investigated hy Vallois, who established with a great degree of 
probability that in comparative anatomy the mammillary process is a 
migrating structure, occupying A-arious places on the traiisA'^erse proc- 
ess and laminae of the dorsal and lumbar A'ertebrae, according to 
functional demands and relatiAm deAmlopnient of the transversospinal 
and longitudinal systems of the intrinsic dorsal muscles. The simi- 
larity of the mammillary process in man and the gibbon may suggest 
an interdependence hetAveen the two factors, mammillary process and 
ortliograde biped position. 

INTRINSIC MUSCLES OF THE SPINE 

There are tivo groups of muscles Avhicli are of interest to us in the 
loAver dorsal and upper lumbar region : the longitudinal consisting of a 
superficial aud a deep layer, and the transversospinal consisting of three 
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layers. The longitudinal superficial sy.slem has three groups of mus- 
cles situated from the medial line outward in the following order: 
the spinalis dorsi, longissimus dorsi, and iliocostalis dorsi; the deep 
longitudinal group consists of the levatores costae in the dorsal region 
and of the intertransversarii system in the lumbar and doi'sal region. 
The transversospinal group has three layers of which the most super- 
ficial is the semispinalis dorsi, the intermediate is represented by the 
multifidus, and the deep by the rotatores. It is important to review 
in brief the origin and insertions of all these muscles for further 
understanding of the significance of the mammillary process. 

The Longitudinal Group. — The spinalis dorsi originates from the tips 
of the spinous processes of the fir.st and second lumbar and twelfth 
and eleventh dorsal, and is inserted into the tips of the .spinous proc- 
esses of the first ten dorsal vertebrae. The longissimus dorsi has a 
common origin Avith the ilioeo.stalis luniborum. About the level of the 
tAvelfth rib the separation of the tAvo muscles becomes eA'ident. The 
longissimus dor.si is inserted into the loAver border, back of the acces- 
sory tubercles of the lumbar A-ei-tebrae, the lateral aspect of the mam- 
millary process, and the inferior mai'gin of the transverse processes 
of the thoracic vertebrae and the inferior margins of the ribs lateral 
to the costal tubercles. The iliocastalis dorsi coming up from the 
common mass takes additional origin from the superior border of the 
loAver seA’’en ribs, medial to the angles, and is inserted into the upper 
seven ribs near their angles and to the transverse process of the seventh 
cervical vertebra. 

The Transversospinal Group. — The transversospinal muscles, difficult 
to dissect, and presenting multiple Amriations, are differently described 
by many authors. It seems that for clarity and simplicity, Trolard’s 
description, as grten bj’^ Testut, is perhaps the best. The semispinalis 
dorsi, the multifidus, and the rotatores all take origin from the medial 
side of the mammillary process and the corresponding upper border of 
the transverse processes according to the region involved. From this 
area of origin they divide into four different gi-oups: (1) the spinous, 
directed toAA'ard the spinous process of the fourth vertebra above and 
corresponding to the semispinalis, (2) the subspinous, directed to the 
base of the spinous process of the third vertebra aboA^e and correspond- 
ing to the multifidus, (3) the long laminary, directed and inserted into 
the inferior border of the lamina of the second vertebra above and corre- 
responding to the rotator longus, and (4) the short laminary, directed 
and inserted into the external aspect of the lamina of the first vertebra 
aboAm and corresponding to the rotator breA'is (see Fig. 7). 

FUKCTION.U. SIGXIFICAXCE of the lIAMAimLARY PROCESS 

A functional analysis of the spinal musculature in relation to motion 
of the trunk is a problem presenting many difficulties. When the area 
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\iuclcr consideration is examined, (wo inipovtnnl factors stand out. 
The fir.st is the penorally accepted view that the line of gravity in 
the static orthogradc position of the human spine passes through the 
body of the ninth dorsal vcrtclira or in its vicinity. The second factor 
is that the area of transition between the thoracic and lumbar verte- 
brae is associated with a functional transition of motion of the tho- 
racic and lumbar spines. The thoracic spine is concerned mostly with 
toi*sion and lateral inclination, the lumbar spine Avith antcropo.stcrior 
motion. The .scmispinalis and the multifidns, which oricinate from 



Fig. 7 — Schematic drawing of the intrin.sic transver.-jospinal muscles of the human 
dorsal spinal musculature after the description of Trolard. 

the mammillary process of the tAvelfth vertebra, are inserted into the 
spinous process of the ninth and into the base of the tenth. Together 
with the rotator muscles they form a strong group which probably 
plays an important role in this area of functional transition. The size 
of the mammillary process of the twelfth Amrtebra is probably related 
to the functional demand upon the muscles originating from it. 

THE SURGICAL SIGNIFICANCE OF THE MAMMILLARY PROCESS 

The presence of a prominent mammillary process on the twelfth 
dorsal vertebra is important for two reasons. It may serve as a useful 



90 


SURGERY 


landmark in the posterior surgical apiiroach to the spine. When tlie 
spinous processes of the loiver dorsal and upper lumbar vertebrae are 
exposed and further exposure of the laminae is obtained, it Avill be 
noticed, proceeding from the dorsal to the lumbar vertebi-ae, that the 
space between the spinous processes in the midline and the transverse 
processes laterally becomes narrower. Palpation of the lateral side of 
this space will reveal to the palpating finger a slight prominence cor- 
responding to the mammillary process of the eleventh vertebra. Just 


I 


Fig S — Suigicdl expoouie of the lower dorsal %eitebra with lesection of the inam- 
millan piocess of the twelfth doisal \ertebia 

below this a much larger prominence will be felt and this will cor- 
respond to the mammillary process of the twelfth vertebra, which in 
its turn will indicate the iiosition of this veitebra. 

Fig. 5 indicates clearly the second leasoii for the importance of the 
maiiimillary process It conceals the aiticiilation between the inferior 
articular facet of the eleventh and the superior articular facet of the 
twelfth dorsal vertebra from behind. Proper removal of the cartilage 
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of these facets m the fusion oiieralion of the spine inay he ace.oiu- 
plished properly only after the removal <tf the mammillary process of 
the twelfth dorsal vertehra. 'I'his <*an he done after i)roper ex))Osnre. 
with a narrow osteotome, as shown i)j Fiir. S, It is believed tliat tlie 
omission of this operative step is responsible for occasional nonunion 
in this area, when an arthrodesis of the artienlar faeets is performed. 

SPMMAUY 

A study of the anatomio, funefional. and .snr^rieal iiiniorlanee of the 
mammillary iiroce.ss of llu* twelfth doisal vertehra was made. The 
]>roeess was found to he larpe and j>rominent on the twelfth dorsal 
A'erlohra. On the articulated spine it eoneealed the .ioint belwen the 
sujierior articular process of the twelfth and the hif(>rior arficnlai’ 
process of the eleventh doi’sal veilehrae. A similar mammillary ])j‘ocess 
was found on the last thoracic verlcin-a of tl\o pihhon. The size and 
relation of the mammillary process were shown to ]n‘esent a good locali- 
zation point for the twclflli doj-sal vertebra' in snrgciw of the spine. 
In spine fusion operations, involving tlie eleventh and twelfth dorsal 
vertebrae, a resection of the mammillary ]>rocess of the twelfth vertebra 
is necessary for proper cxiiosurc of tl\e .ioint between tl\ese two vertebrae, 

I •ttisli to express my prntlUKle to Pr. S. 1.. Wnsliburn for vnltiriWe sUBKOstions 
and the use oC lii.s excellent collection ot gibbon sbeletons, to Dr. 11. Slmplro of the 
American Museum of Natural History, for placing at my ill.sposal a collection of 
human skeletons, and also to the staff of the Department ot .Anatomy of the College 
of Physicians and Surgeons, for much appreciated help. 


4. 
.5. 

C. 

7. 

5. 
9. 

10 . 

11 . 

12 . 

13, 

14, 

15, 


nKKr.in:N'oi;.s 

Bardeen, C. R.: Development of the Skoleloii and of the Connective Tissues 
in klnuuul of Human Embryology, Vol. I, Kiebel and iMall, Philadelphia, 
1910, .T. B. Lippiiicott Co., p. 353. 

Cyrias, E. F.: On Certain Horm.nl Irregularitie.s of the Vertehral Column in 
Its Lower Dorsal Area, .lour. Aunt. 56: 147, 1922. 

Dawes, B.-. The Development of the Yerlebral Column in ytammals, Phil. 
Tr. Royal .Soc., London, ser. B., p. 218, 1930. 

Elftman, H.: Columbia Uiiiver.sity. Per.sonal communication. 

Ellenberger, W., and Baum, H.; Handbueb dev vergleichemlen Anatomic dor 
Haustiere, Berlin, 1932, .1. Springer, pp. 44-35. 

Eycleshymer, A, C., and Schoemaker, D. M.; Anatomical Name.s, Baltimore, 
1917, William Wood & Co., p. 115. 

Flower, W. H.: An Introduction to the Osteology of the Mammalia, London, 
1870, Macmillan Co., pp. 44-58. 

Frazer, J. E.; The Anatomy of the Human Skeleton, ed. 3, London, 1933, 
J. & A. ChuTclull, p. 27. > ! > > 

Gadow, H. F.: The Evolution of the Vertebral Column, London, 1933, Cam- 
bridge University Press, pp. 55, 231. 

Jamieson, E. B.; Dixon’s Manual of Human Osteology, ed. 2, London, 1937, 
Oxford University Press, pp. 43, 47. 

Kopseh, Fr.: Die Nomina Anatomica des Jahros 1895 (BNA), nach der 
Buchstabenreilie geordnet und gegenubergestelt den Nomina Anatomica 
des J^res 1935 (I.N.A.), Leipzig, 1937, Georg Thieme. 

Presacral Vertebrae of American White and Negro 
Males, Am. J. Phys. Anthrop. 25: No, 3, 1939. 

LeDouble, A. F.: Traite des Variations des os de la Colonne Vertebral, Gaz. 
med. du centre. Tours 12: 1-29, 1912. 

McBride, E. C.: Recent Work on the Development of the A^ertebral Column, 
Biol. Rev., (7), Cambridge, 1932, 

Sappey^^^Ph. C.; Traite d’Anatomie Descriptive, Vol. I, ed. 4, Paris, 1888, 



92 


SURGERY 


16. Schultz, A. H.: The Belative Length of the Regions of the Spinal Column 

in Old "World Primates, Am. .J. Phys. Anthropol. 24: 1-22, 1938. 

17. Steindler, A.: Mechanics of iSTormal and Pathological Locomotion in !Man, 

Springfield, 1935, Charles C Thomas. 

18. Struthen, J.: On the Articular Processes of the Vertebrae in the Gorilla 

Compared With Those in Man, J. Anat. 27: 131, 1892. 

19. Terry, R. J. : In Morris’ Human Anatomy, ed. 10, Philadelphia, 1942, The 

Blakiston Co. 

20. Testut, L.: Traite d ’Anatomy Humaine, Vol. I, cd. 8, Paris, 1928, G. Doin, 

pp. 61, 74, 902. 

21. Vallois, H.: La Vertebre Diaphrahmatique et la Separation des colonnes 

Dorsale et Lombaire chez les ^Mammiferes, Compt. rend. Soc. de biol. 85: 
974, 1921. 

22. Vallois, H. : La Signification des apophyses Mammilaires et Accessoires des 

Vertebres Lombaires, Compt. rend. Soc. de biol. 83: 113, 1920. 

23. Weber, M.: Die Saugetiere, ed. 2, 1928. The Primates. Translation into 

Russian ivith addenda by M. F. Nesturkh, Gov. Publ. of Biol. & Med. Lit., 
Moscow Library, 1930, p. 203. 

24. Whitney, C.: Asymmetry of Vertebral Processes and Facets, Am. J. Phys. 

Anthrop. 9: 451, 1926. 

25. Wood Jones, F.: Man’s Place Among the Mammals, London, 1929, F. Arnold. 



TKAU.MATir OSTKOl'HONninTlS OV THE PATEI.LA 


Ma.IOK I'^KANTIS .1. (’ox. Mr.DH'AI, 1*. S. AliMV 

W HEN a tlirool l)Io\v lo 11»o ]>aU'l!a is rci-oivod, iIk* jaitclla is driven 
asJtainst Iho ad.iaconl femoral eondyle and a creator or lesser de- 
gree of eompvcssive force exerted npon the swhehondrul t^ono. This 
causes the development of areas of neerosi.s in tim snhehondral i)nno of 
the patella and femoral condyles Avliieh can be eon.sidmrd in almost the 
same light as a fracture. Aeeor<ling to Bozan’ the necrosis of hone may 
be attributed to the fact that the “minute girders of eanecUous struc- 
tui’c break at places predetermined by Mbe law.s of mechanics,’ The 
broken mass of trabeculae interruj)ls the flow of blood and causes necro- 
sis of certain predetermined segments.” If the initiating trauma is 
mild and (he amount of damage to subc-bemdval bone minimal, s]H)u- 
taneous absorption and re]Kiir of (he involved i)nne may occur. If, how- 
ever, the area of necrosis in siibehondral bone is more extensive, the area 
of involved bone is wallctl off and becomes a true sequestrum. Immedi- 
ately, gross interfereneo with the nutrition to the overlying articular 
cartilage layer develo])s, and con.setjuent degoierative changes in that 
cartilage begin to appear. When these ebnngcs imrsist for a period of 
time, thinning of the articular cai-tilage of the patella, irregularities 
in contour, and fi.ssures may oeeur. As a Inter manifestation, the 
synovium of the knee joint becomes irritated. In rcs])onse to this irrita- 
tion hypertrophy of the synovium and a chronic effusion result. Should 
the lesion remain untreated for a jieriod of years, progre.ssive arthritic 
changes in the kjiee joint will be found. 

The lesion is certainly not uneommou. Davraeb-’ states that the 
articular cartilage of the patella shoAved evidence of chondritis in 36 
cases out of a series of 157 arthrotomics performed for internal derange- 
ment of the knee joint. Cliaklin'' reported a series of 159 arthrotomics 
in 38 cases of which changes involving the articular cartilage of the 
patella and femoral condyle were discovered. Six examples of this con- 
dition haA'^e come to my attention. 


REPORT OF CASES 

Case 1. — G. P,, a white woman, aged 28 yeais, nas admitted to Cliaiity Hospital 
in New Orleans, Nov. 18, 1940, because of constant pain on weight-bearing for about 
eight weeks. 

The patient had sustained an injury to the knee on three separate occasions, 
the first in 1928, the second a year later, and tlie last about two months before 
admission. 

Formerlj' from the Department of Surgery, School of Medicine. Tulane Uni- 
versity. 

Tii the meeting of the American Academy of Orthopedic Surgery. Chicago, 

Received for publication, July IT, 1944. 
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She complained of some pain over the femoral condyles. Examination revealed 
slight effusion within the knee joint. Slight crepitation was elicited upon motion 
of the patella over the femoral condyles, but this motion did not produce pain. The 
most severe pain was felt when the examiner manually attempted to di.«locate the 
patella laterally. There seemed to be a definite increase in the lateral mobility of 
the patella. 

A diagnosis of recurrent dislocation of the patella and chronic synovitis was 
made. Ivov. 20, 1940, the right knee was explored through a median parapatellar 
incision. lYhen the joint was opened, a moderate amount of yellowish joint fluid 
escaped. Extensive .synovial changes were apparent. There was definite synovial 
thickening and hypertrophy. The mo.st striking changes were seen on the under- 
side of the patella. Extensive fissures were present ; there was widespread degen- 
eration of cartilage and the process was diffuse. 

Cross section of the entire patella .fliowed an extensive area of fibrillary degen- 
eration of the articular cartilage, the direction of which was at right angles to the 
articular surface. The cartilage showed longitudinal splits and wrinkles and the 
cartilage cells around these “fractures’’ had disappeared leaving an acellular ma- 
trix. Beneath this area the zone of intermediate calcification was absent and the 
subchondral area showed fragments of necrotic bone and cartilage present as loose 
masses filling the trabecular spaces. Ko definite line of infiltration of the sub- 
chondral plate could be seen in this section. This was probably due to the plane 
in which the section was cut. However, in every other respect the appearance was 
typical of osteochondritis'. 

"While the patient was in the hospital a malignant breast tumor was di.scovered. , 
Approximately one year later, she died from widespread pulmonary metastasis. 
During the interval when actirdty was possible, the knee gave no symptoms. 

Case 2. — A. T. T., a white man, aged ofi years, was admitted to Clmrity Hospital 
in New Orleans, .Tuly 3, 1941, complaining of pain on weight-bearing and a “snap- 
ping” or “locking” in the knee. He had been- using crutches since sustaining an 
injury to his right knee about one year before when he fell off a hay wagon. The 
internal semilunar cartilage was removed at anotlier ho.spital. He was unable to 
state whether or not the cartilage was damaged. Tlie symptoms persisted following 
the operation. Examination revealed findings similar to those in Case 1. 

A preoperative diagnosis of internal derangement of the right knee joint, prob- 
ably a remnant of the internal semilunar cartilage, was made. .Tuly 9, 1941, through 
a median parapatellar incision the right joint was explored. The gross i)athologic 
findings at operation were characteristic of this condition. The patella was com- 
pletely excised, and the defect in the patellar tendon repaired with interrupted cot- 
ton sutures. 

Aug. 8, 1941, the patient was ambulatory witli motion in the right knee from 
an angle of 180 degrees in extension to 90 degrees in flexion. The “snapping” and 
“catching” sen.sations in the right knee had completely disappeared. 

Case 3. — D. W. Y., a Negro woman, aged 21 years, came to Charity Hospital in 
New Orleans, Oct. 23, 1941, because of vague pain and swelling in the right knee 
and a sensation of occasional “catching of the knee.’’ 

Two years prior to entry, the patient struck lier light knee forcibly against a 
washtub. There was no immediate disability, but within a week the knee became 
greatly swollen and extremely painful. 

The patient walked without a limp. Palpation revealed slight thickening of the 
svnovium. There was an increase in the amount of joint fluid, but no ballottement 
of the patella was possible. Complete flexion and extension of the knee could be 
accomplished, but slight pain was felt upon extremes of motion. Passively, motion of 
the patella was free, but there was a palpable grating sensation as the patella was 
moved over the femoral condyle, and some slight pain was produced. Circumferen- 
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tiul showod tii\o-tjU!vrtfr iiK’li jiliojiliy in t!n' Ilii'^Ii. I.ulnirntory 

fniilinu;: ni'ro •■liiiufi) Miiilit !iHi)|)liy nf llii' injiiro<l 

]iulolIa us (■omjnircd willi llic nininu! sitln. On lln- lutciul view (Iii’u' uiipt'uroil n 
sViplil uroa of doi'roun'd ilcliMly on On* liili'ral foinorui coinlyh' uliii'li sliuilod into 
normal doUsity at tho ]iori|iln'iy. No siunitioant clianuo-. I'lniM lio nnnli' onl in tin' 
contonr of tlio palolla it'-olf. 

A prooporativc diagno'-is of <'lironi«" syno\iti- of ilio ri;;lit Unoo of nnUnown 
i'tiolop:y was nindo. Xov. lltll, tho kiu‘o joint was opom'd thionpli a im'dian 
parapatollar incision. Tlio tindin;;' at operation weio similar to tltoso in Case 1. 
Tlip patella was excised and the defeet ni the patellar tendon repaired with in- 
terrupted sutures of eotion. 

After six weeks this patient failed to letnrn to tlu’ elinie. Kfforts to locate her 
for examination wete in vain. 

Case -1. — ^11. S.. a white male, aped 2n years, was seen in Charity Hospital in 
Xew Orleans, .Inly 1-1, lit Id. with a slippeil femoral epii)hysis on the ripht side, whieli 
was several months old. .Inly Hn, It'-li'. an o-.teotoniy thronph the neck of the 
femur was done and a Smith-l’eteisen nail iii'-erted to maintain fixation. Shortly 
after the bepinninp of actix(> exi-ici-.e- an effusion ajipeared in the riplit knee joint. 
Xo history of injury w-as elicited. Tlie elfu'-ion wav not prevent when the patient 
was first SOPH nor on titry sulrvecprent admission, Heeanse the efTnsion was con- 
sidered to he transitory and r«'laled to the physieni iheraiiy. lire pafrerrt was allowed 
to return honro weattnp uri ace liandape support. 



. ^'8'- f-— -R. S.. Case 4, shows ftbrillated and degenerated cartilage with changes 

in, and innitration of, suhchondral bone; nontrauniatio in origin. Compare witlr 
big. 2. 


Ho was readmitted to the hospital, March 17, 19-11, at wlrich time the elftr.sion in 
the right knee was still evident, but the patient Irad no complaints. Aspiration of 
the fluid in the riglit knee showed a clear yellowish material, with normal cell count 
and no growth on culture. Following aspiration a definite grating sensation was 
noted with motion of the patella over the femoral condyle, but this was only slightly 
painful. Hoentgenogram.s of both knee.s showed nothing in the patellar region 
aside from the eifirsion. 

A preoperative di-agnosis of osteoehondritis of the patella was made, and on March 
27, 1941, the knee joint was opened through a median parapatellar incision. The 
operative findings were identical to those of Case 1. The patella was excised, and 
the defect in the patellar tendon repaired with interrupted sutures of black silk. 
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Microscopic examination of the excised patella revealed the following (Fig. 1). 
Section through the articular cartilage showed con.siderable fibrillary degeneration 
of the superficial portions. There was also an irregular overgrowth of degenerated 
fibrocartilage. In one area the osteochondral junction was disrupted and the con- 
nective tissue invaded rather deeply into the underhung bone with resorption of 
trabeculae. There was an irregular deposition of nciv bone. Portions of the osteo- 
chondral junction were fairly regular in appearance. The periosteal surface of the 
bone also showed fibrous thickening. There was considerable splitting of the over- 
grown peripherally located fibrocartilage. Sections through the sj-novial tissue re- 
vealed su'elling of the sjuiovial mesothelium and perivascular mononuclear and 
plasma cell infiltration of the eapillaric.= and the underlying connective tissue. 

Kov. 6, 1941, the patient was working in a lumber mill as a laborer without 
disability referable to the knee joint and without evidence of recurrence of the 
swelling or effusion. 

Case 5. — L. S., a Negro woman, aged 44 years, was admitted to Charity Hospital 
in New Orleans, March 20, 1942, because of pain and swelling in the right knee. A 
direct blow over the right knee sustained in July, 1941. resulted in swelling and pain 
in the knee joint. 

On examination some thickening or the synovium was noted and there seemed 
to be an increase in the amount of joint fluid. Tlie patella was freely movable with 
some pain in the region just lateral to the patellar margin on its medial and lateral 
borders. A palpable grating sensation was present upon motion of the patella over 
the femoral condyles. There was free motion in the right knee from ISO degrees 
in extension to 40 degrees in flexion. No measurable atrophy was found in the 
thigh or calf. 

A preoperative diagnosis of osteochondritis of the patella was made, and on March 
25, 1942, the knee joint was opened through a median parapatellar incision allowing 
the escape of a moderate amount of clear yellowish fluid. Operative findings were 
characteristic of traumatic osteochondritis. The patella was excised and the defect 
in the tendon repaired with interrupted sutures of cotton. 



■Pi„ 9 _H. K.. Case G. shows extensive degeneration of articular cartilage with 
destmetion of subchondral bone; definitely related to trauma. Microscopic picture 
identical with Pig. 1. 
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CAsr. (>. — ^n. K., a wliitp fcninle, apt'*! 17 vrar?, wa;! cninplainiiip f>f pain in tlip 
riplit knee whpn ?lic was a<lmiffp<l to tlio ITos-pital for Kiipliirpd and Cripplrd in 
New York. Nov. 7. 10.10. 

About two and oiip-lialf .year.-) hoforo adlni^^ion. flip palipiit .‘-trupk licr ripbt 
knoo forcibly apnin.^t the conipiif mrfacp of flip walk wliPii liit by an anloniobile. 
The knoo continued to be painfnl and di.'-ablinp for ciplilmi ninntli!-'. Coin-orvativo 
treatment was not beneficial. 

Physical examination showed a low-prade pfTnsinn, some .sliphl tliickeninp of the 
sjTiovium, and pain with e.vtrcmp flexion or exleii'-ion of flip knee .ioint. The riphf 
thiph measured 21^ incho.s loss than tlie left. Crepitation and pain were produced 
with pas.sivc motion of the patella over the femoral condyle. The roentpcnopranis 
showed slipht cfTtision into the .ioint and peneralired ntroph.v, bat no distinctive 
changes in the jiatclla or ad.iacent femoral eond.vie. 

Nov. 11, Ifiin, the right knee .ioint was opened thronph a median parapatellar 
incision. Pathologic chaiipes observed at operation were identical to those in the 
other cases. The patella wsis excised. 

Microscopic examination of the excised patella (Ficr. 2) revealed considerable 
degeneration of the articular cartilage. The cells in many places .showed no 
tendency to absorb stain at all. In (he periphery the cartilage appeared well vas- 
cularized and much more cellular. Areas of necrosis in tlic underlying bone with 
evidence of attempted repair wore noted. 

In Fobruarv, 19-11, the patient stated that her right knee was comfortable. There 
was a normal range of motion. Some atrophy of the thigh musculature persisted, 
but the symptoms experienced before operation had completely disappeared. 

DISCUSSION OF CASKS 

In all cases e.xcept one a clirecl in.iiUY to tlie patellar region ivas 
sustained which forced this bone against the anterosuperior surface of 
the medial femoral cond.ylc. Tliis resulted in immediate tcmporaiy dis- 
ability, caused by local swelling and pain upon flexion or extension of 
the knee joint. 

The acute siunptoms referable to tlie laiee joint subsided for several 
weeks or months. AVith tlie passage of time there appeared a low-grade 
chronic effusion, which fluctuated in degree with the extent and charac- 
ter of exercise indulged in by the patient. Definite vague symptoms of 
discomfort persisted within the knee joint, and vague pain was felt on 
its anterior aspect. This sometimes was made worse by exerting strain 
upon the flexed knee through the quadriceps apparatus, as when kneeling 
or squatting. All patients complained of occasional sjTnptoms of "lock- 
ing, ’ or "catching,” whicli may simulate the condition commonly 
referred to as an internal derangement of the Imee joint. The condition 
is a chronic one as evidenced by the fact that the average duration of 
sjTiiptoms in the present series (excluding the ease with a history of 
twelve years) was 13.2 months. 

The physical findings in this group of cases were typical. There was 
definite effusion within the knee joint ; in some eases it was minimal and 
in others, grossly apparent. Thickening of the synovium was' usually 
palpable. Mid pain referred to the anterior compartment of the patella 
was felt when the knee was acutely flexed or extended. Atrophy of the 
thigh varied with the severity of the symptoms produced by the lesion. 
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Crepitation, or “grating sensation,” could l)e elicited upon passive mo- 
tion of the patella over the articular surface of the femoral condjdes. 
Pressure over the patella or passh’c motion of the patella caused pain. 
Occasionally, this could not be clearly demonstrated until the excessive 
joint fluid was removed by aspiration. Synovitis and obliteration of 
the suprapatellar pouch shadow l)y an intra-articular collection of fluid 
were seen in the roentgenograms but were so minimal as to be almost 
insignificant in most eases. Pig. 3 shows two views of the patella taken 
after excision. The only changes which can be seen are in the patella. 
These would not be visible in the routine films made preoperatively. 
Suggestive atrophy of the patella and femoral condyles can be seen in 
the film, but this is not of much diagnostic value. 



Fig. 3. — Anteroposterior and lateral views of an excised patelia, showing no 
significant changes visible in cancellous bone. The microscopic sections of this 
patella are shown in Fig. l. 


The following gross pathologic changes were noted at operation : 
(1) softening, irregularity in contour, and fissure formation in the ar- 
ticular cartilage of the patella ; (2) yellowish discoloration of tlie articu- 
lar cartilage in the areas of involvement; (3) similar changes in the 
articular cartilage of the femoral condyle on its anteromedial aspect; (4) 
thickening, hyperemia, and villous degeneration of the synovium, usu- 
ally confined to the suprapatellar pouch region and the anterior com- 
partment of the Imee joint; (5) increase in amount of joint fluid, usu- 
ally clear yelloAv in color with nonual cell count, or slight increase in 
polymorphonuclear cells; (6) pannus formation at the edges of the 
articular cartilage of the patella and femoral condyles. 

COJDIENT 

The changes which occur in articular cartilage as a result of direct 
trauma have been recognized for many years. First described by 
BudingeP’ ® in 1906, it was later clarified by Konig" and Laewen.® At- 
tention has always been directed toward tlie cartilaginous changes, and 
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the .syiulronie ]>roi]uco<l luis J)ccn referred to iis triium.'itie ejirlil.’ifie fissiir- 
injr (Budinjicr. 1900). ehi)iulroiu!diiei!» (Konifi. 192.^^), nml eiiondritis 
(Darrach, 1935). Kulowslci.’’ .Slowiek.'" Ilerzniark,” Darraeli,^ and 
Ciiaklin^ have all referred to the syndrome in the Anieriean liferatnrc. 
They ascribed the etiolojry to trauma and i>ar(ieularly empha.siwd the 
changes which M’cre found in the articular cartilage. In my opinion 
the true pathologic change is to be found in the underlying cancellous 
bone, and the change in the articular cartilage is an entirely secondary 
one. ' 

The one point of intere.st in tbe present series which cannot be pro])- 
evly interpreted is that absolutely no history of in.iury was elicited in 
Ca.se 4. The jiatient was eonvale.seing from an osteotomy for slipping 
of the upper femoral epiphysis. W’hile the ]>ntient was still in plaster, 
an osteoehondritie. focus dcveloj^ed in the ]>a1ella of the same extremity. 
The histologic picture of the excised ]mtella in this ca.se was almost 
identical to that of the other ca.sc.s reported. Trauma mast certainly 
be considered as the prime cause of this particular tyjie of osteoehondri* 
tis di.ssecans although we cannot conclude that it is the .sole cause. 

In almost every case that I have studied, oi- that has been reported 
by others, uniformly definite intlaminatory changes developed in the 
sjmovium of the knee .ioint. In this .scries the synovitis was localized to 
the anterior compartment of the knee, joint and associated with hyper- 
trophy and thickening of the infrapatellar fat pad. Pannus foianation 
was observed over the involved femoral condyles and the edge of the 
artievdar surface of the patella. In every instance there was evidonee 
of the persistence of chronic synovitis, and piogression of the extent of 
involvement of the synovium with the passage of time. If these changes 
exist for a long time, osteo-arthritic changes will develop. This fact is 
clearly brought out by a review of the available literature.^*'®’ Laewen® 
in 1925 reported thirteen cases and considered the removal of the in- 
.iured cartilage as an early operation for arthritis deformans. Key'® 
in 1924 emphasized that contusion of cartilage could lead to chronic 
progressive arthritic change. Bozan' attempted to explain this phe- 
nomenon in his statement, “Due to the accepted fact that these foci 
are aseptic, all too complete innocuity is attributed to them. Necrotic 
tissue, even if aseptic, elicits reaction from its surroundings. The re- 
action is not violent and consists mainly of edema. The edema pei'- 
vades the surrounding soft tissues, increases the amount of joint fluid, 
and leads to spasm, stiffness, and pain.” The process may be much 
more complicated than this. In the present group of cases, where 
changes were noted in the articular cartilage of the femoral condyle, 
this area was not disturbed. Only the patella was removed. In four 
instances, therefore, degenerated fibrillar cartilage was allowed to re- 
main within the joint and if areas of aseptic necrosis in the cancellous 
bone of the femur existed, these were also allowed to I’emain. However, 
every one of the six patients treated by excision of the patella, with the 
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sjTiovium and degenerated femoral cartilage left undisturbed, made com- 
plete recoveries, with disappearance of the synovitis and effusion in 
every instance. Some other factor may well be the cause of the late 
development of arthritic change. Removal of the involved cartilage 
alone has caused subsidence of the sjmovitis and secondary joint changes. 
Patellaplasty has given good residts, although apparently not quite as 
good as patellectomy. In earlier eases with minimal changes perhaps 
simple resection of the involved cartilage will suffice; however, in the 
more severe grades with complete erosion of the cartilage it is believed 
that patellectomj- is preferable. The fact is recognized that recently 
arthritic changes have been shown to develop following patellectomy in 
the rabbit.^^ It is Icnomi that arthritic changes will develop if the 
patella is allowed to remain in situ under the present disease process in 
man. I am not completely convinced that removal of the patella in the 
human being will lead to arthritic changes in later life. Althongh there 
is no definite proof at this time, it is felt that the more severe and per- 
manent changes resulting from an osteo-arthritis have been obviated in 
this group by removal of the patella. The lesion, as described, is rare 
by admission, but perhaps not so rare as it might seem at first glance. 
If the undersurface of the patella were routinely inspected in every 
esploratoiy operation for internal derangement of the knee joint, prob- 
ably more cases would be encountered, 

CONCLUSIONS 

1. Diffuse osteochondritis of the patella can result from trauma. 

2. The lesion causes a minimal amount of disability, but a real one. 

3. The history is fairlj* typical, the sjnnptoms chronic. 

4. The physical findings are negligible. 

5. If untreated for a period of years, the lesion would probably lead 
to irreparable damage caused by superimposed osteo-arthritie changes. 

6. If symptoms persist, patellectomj’’ will result in complete disap- 
pearance of the sj-nomal infiammatory changes, and absolute alleviation 
of sjTnptoms. B.y inference, it should prevent the development of osteo- 
arthritis in later life. 

The author -n'ishes to express sincere thanks to Dr. Phillip D. Wilson and Dr. 
Dominic De Santo of the Hospital for Ruptured and Crippled in New York Citj’ 
for arousing- an interest in this subject and furnishing Case G of this series for 
study : to Dr. Guy A. Caldwell and Dr. R. H. Allredge of the Tulane Universitj' 
School of Medicine for allowing him to continue this study to Its present point. 
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TREATJIBNT OF TENDONS IN FINGER AMPUTATIONS 
AND DESCRIPTION OP A NEW INSTRmiENT 


Lieutenant Comiiander George Y. Webster, Medical Corps, U.S.N.R. 

(From the Division of Plastic and Peconstniction Surgery, Department of Surgery, 
National Naval Medical Center, Bethesda, Md.) 


D isposition of severed tendons in finger amputations is a matter 
on ■which there is some diversity of opinion. The teachings of most 
published works on operative surgery recommend some form of suturing 
the tendon ends to the tendon sheath or to tlie bone in order to preserve 
the greatest function of the fingei-s. 

Kirk^ advocates the following procedure for a metacarpophalangeal 
disarticulation: “The finger is hyperext ended and fiexor tendons cut 
and allowed to retract in their sheaths. The finger is flexed, the extensor 
tendon cut, and vfith a small, sharp-bladed Imife the .ioint is opened, 
the capsular ligament cut around and the finger removed.” 

This hyperextension of the finger, allowing the flexor tendons to re- 
treat in their sheaths, gives a very useful hand. Attempts to secure the 
tendons to the sheaths at the point of division of the tendon, or even 
worse, suturing the fiexor to the extensor over the end of the meta- 
carpal stump, produces an unusual type of disability, with loss of the 
grip and inability to flex the fingers into a tight fist (Pigs. 1, 2, and 3). 

The mechanism of this disability is interesting and is related to the 
common origin of the flexors, particularly the profundus group, so that 
tension on any one tendon restricts, partially, the excursion of the others. 
This is best demonstrated in the normal hand by holding one's middle 
finger straight in line with the metacarpals, then trying to close the 
other fingers into a tight fist. The fingers cannot be entirely closed, and 
there is pain in the forearm and hand as this is attempted. 

In amputations through the proximal phalanx, it is common practice 
to suture tendons to tendon sheath. This is satisfactory if the finger 
is hATierextended before the tendon division, but it is unnecessary for 
finger fmiction and occasionally results in disability if the tendons be- 
come adherent while imder slight tension. The difference in excursion 
of the sublimis and profundus tendons has been accurately measured 
by BunnelP and consideration of this difference makes illogical the 
suturing together of both tendons in the sheath. 

It is better practice to allow the tendons to retract within the sheath, 
or if they are densely adherent, as from an old injury, both profundus 
and sublimis should be stripped out to allow free motion (Pigs. 1, 2, 3, 
and 4). Control of the proximal phalanx is exercised through the 


xhp oDinions or assertions contained herein are the private ones of tiie writer, 
and are not to be construed as ofBcial or reflecting the views of the Navy Depart- 
ment or the Naval Service at large. 

Received for publication, July 10, 1944. 
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Pip. 1. — Disability in'oiiucotl bv «utnrlnf.' (lexor siibllinis and (loxor profundus 
tendons of tlio middle fInKer to the <-xtcnsor tendon over tlie distal bead of the 
metacarpal In a nietatvirpopbalanceal disarticulation. J’atleiit cannot olo.se flnKer.s 
to make a flst and cannot oxtencl them i;ompleteIy. 



Pig. 2. — Same patient as shown in Pig. 1 after total excision of flexor sublimis 
ana flexor proiundus tendons. Note the small transverse soar at the wrist through 
which proximal ends of tendons were severed. Pull function is present. 
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digital extensor complex, which has been described in minute detail else- 
Avhere.® Essentially, this extensor complex, composed of lumbricals and 
interossei, acts as a flexor of the proximal phalanx when it passes 
volarward beyond the midline of the flexion axis of the metacarpo- 
phalangeal joints. The interossei, which carry the greatest load in this 
motion, are very strong and give an excellent grip. 



Fig. 3. — Schematic drawing, showing position of tendons excised (black, cross- 
hatched area). The common origin of the flexors illustrates the reason for the dis- 
ability shown in Fig. 1. 

Disarticulations at the distal interphalangeal joints or amputations 
iu the middle phalanx are best treated by dividing the flexor pro- 
fundus tendon and allowing it to retract (Fig. 5). This practice has 
been amply supported by Stevenson® and others and gives a better grip 
than does suturing the tendon to the sheath. 

Amputations in the terminal phalanx rarely involve teiidon division, 
for if they are distal to the tendon insertion in the buttonlike base of 
the terminal phalanx, the tendinous attachment is left intact. Keattach- 
ment of the severed flexor profundus insertion should be carried out if 
avulsion has occurred. 



wriisTj:K : Tr,xnnNs in nKonit A>rPUTATioKf; 
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Extensor tendons do not ivlraef appreeiably and if Jeff alone will be- 
come adhci'cnt to the underlying bone, and function finite well. Ilore, of 
course, there is no problem of any tendon .sheath. In the thumb, tendons 
should be preserved and sutui'od to the bone with tension as nearly nor- 
mal as passible. 



healed traumatic amputation of ring finger m which flexor pro- 
lundus tendon was cut and allowed to retract. There is excellent function of the 
stump and of the other fing-ers 
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AlIPUTATIOXS IN CONTAMINATED OR INFECTED CASES 

Although the foregoing discussion has applied to clean cases, it is fre- 
quently necessary to amputate a digit in the presence of contamination 
from immediate trauma. In exceptionally clean eases, the tendons can 
be alloived to retract, but ■where contamination is excessive in very dirty 
wounds, or where blood supply has been impaired or tendons fragmented, 
the possibility of spreading infection more proximally in the hand must 
be borne in mind. In .such eases and in frankly infected eases, the 
tendon or tendons should be sutured to one aide of the tendon sheath, 
securing it against retraction, and leamng the remainder of the sheath 
open for drainage. 

Function following such procedures may or may not be good, depend- 
ing on the location of the tendon divi.sion and the tension on the tendon 
stump. "Whatever the resulting function, it is secondary in importance 
to maintenance of integrity of the protective barriere against bacterial 
invasion, and function can be dealt with later when the wounds are well 
healed. Fragmented tendons ai‘e excised or trimmed back to viable 
tendon, all foreign particles are removed, and copious saline irrigations 
are used to wash away unseen debris. Sterile normal saline dressings 
■are applied at the operating table and continued while the patient is in 
the ward in those cases where primary closure is not elected. 

LATER RECONSTRUCTION SURGERY 

When the destructive phases of infection have passed, ma.sses of dense 
sear restrict movement and bind tendons, sheaths, and surrounding 
tissues into a functionless inelastic cicatrix. In an intact finger, tendons 
may be freed from scar and attempts made to restore the delicate gliding 
mechanism, usually by a free tendon graft, as advocated by Mayer," 
BunnelP and ]Mason,“ and now almost universally employed. IMayer' 
stated that “In old cases, it is wise to excise the scarred remnants of 
tendon entirely and replace with a free graft of tendon sheath.” 

In an amputated finger, howevei', it is rai'ely, if ever, advisable to put 
in a new tendon, or repair the old, and excision of the scarred flexors in 
their entirety gives a better functioning stump. With amputation distal 
to the insertion of the flexor sublimis digitorum, an attempt should be 
made to preserve the sublimis tendon and strip out the profundus. A 
free graft of long-flbered sliding fat from the lateral thigh or triceps 
tendon regions, as advocated by Bunnell, is most useful in this connec- 
tion, implanted about the rough tendon to restore its gliding mechanism. 
A pedunculated flap of fat, as suggested by Kanavel,"* would not be a 
practical procedure in an amputated digit. 

A NEW TENDON STRIPPER 

The removal of a densely adherent tendon from its scarred bed would 
require extensive incisions in the hand if one sought adequate exposure 
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of ils ontiro lontilij. Exoision liiroitirh sniiill 1 niiisvt'r.sc incisions in liie 
hand and ■vvrist can he carried out nicely witii sniootli tendons wliich 
strip easily from normal surronndiiifr tissues. An adherent tendon mnsi 
he freed and a ringlike slrijiper has been designed (h'ig. (i) with a long 
thin handle to dissect sneh adhe.sions and free the t(‘ndon in much the 
same manner as Masson s fascia stripper" is used to remove loim strips of 
fascia lata through a small incision in the thigh. The tendon can then 
he .severed through a second .small transvor.se incision in the wrist (Fig. 
2). obviating the need for the douhle-tnhed sleeve-cutting device of 
^Masson. 





B, 

Author’s instrument for stripping adherent tendons in the palm when 
one ena of the tendon is severed, as in a Anger amputation B, Close-up of cutting 
tip of stripper. 

BunnelF developed tendon strippers many years ago and they are in 
general use today. His development of the stripper was for a slightly 
different purpose at that time. He states that : ‘ ‘ When a tendon that 
is imbedded in adhesions is freed, the surface of the tendon is usually 
very ragged and hacked. To avoid this, it is well to use the tendon 
stripper to he described further. ’ ’ Later he describes their construction 
originally from a set of nested cork borers. 

The slotted stripping sleeve of the Bunnell stripper allows its applica- 
tion to an intact tendon, both ends of which are attached. The stripper 
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described herein for excision of tendons in an amputation stump is 
fitted over the severed end of tendon and is guided through the palm 
on the tendon. In this manner, chance slipping of the cutting edge 
during sometimes vigorous division of adliesions cannot occur and injury 
to important nerves and ve.ssels in the palm is thus prevented. 


smniARY 

Flexor tendons need not he sutured to bone or tendon sheath in clean 
cases and must not be overlapped and sutured over the end of the bone 
to the extensor tendons. Disability, Avith Avealmess of the grip, results. 
In contaminated or infected eases, they should be anchored at the point 
of amputation and the tendon sheath left open to avoid spread of infec- 
tion to the hand. Such tendons may become adherent and produce 
disability. They should be excised to free the finger, relying on the in- 
trinsic muscles of the hand for motion of the stump. A tendon stripper, 
.suitable for freeing such tendons in the hand, is desei’ibed. 
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MODIFIED CALIBEATED SKIX-IJKAFTTNO KNIFE 

FitKTMKK OnSKUVATIONS 

!Major Kj'.RwiN ;M. ;Mai!OKR, ]Mr.mcAi, Cori*s, V. S. Army 

I ^V^I presenting this paper as a sniijilcinent to a recent article*^ de- 
scribing a modified calibrated skin-grafting knife. Deports of tbe 
nse of this knife have boon very encouraging. Personal eommunica- 
tions from Kilner in London, Doud in the European theater of opera- 
tions, and surgeons in this country have described gratifying results. 
In my previous paper 1 neglected to advise as to the method of using 
the knife, and shall attempt to rectify this by giving a few simjfic 
instructions. 

The size of the graft to be cut will depend on the surface area of 
the donor site, the amount of skin required, and the ability and pa- 
tience of' the operator. For skin traction 1 prefer the Blair-Brown 
suction cups, with the assistant holding a board for counterlraction. 
A board or pan can be used, however, in the place of the suction cups 
to keep the skin as level as possible, and also on slight tension. Petro- 
latum .icily is then applied to a previously prepared donor area. The 
attachment is regulated according to: (1) the thickness of skin de- 
sired; (2) the area from which the graft is to be taken; (3) the age of 
the patient; and (4) the condition of the skin. The knife is placed 
flat and firm on the skin, but not Avith too much pressure, and a sawing 
motion is begun. The rod should remain stationary during the cutting 
of the graft, except for its rolling motion, Avith the graft presenting 
betAveen the rod and the blade and rolled xip OA'er the blade of the 
knife,, as illustrated in Figs. 1 to 7. 

Tilting the knife aAvay from its parallel position might increase or 
decrease the thickness of the graft and cause the I'od to moA^e Avith the 
knife. This defeats the purpose of the thickness-determining factor 
and should be avoided. Should the graft be too thick or too thin, cor- 
rection is made by adjusting the thickness-regulating scrcAvs. The ad- 
justment can be readilj’' accomplished Avithout removing the knife 
from the donor site, simply by turning the scrcAVS clockAvise to in- 
crease the thickness of the, graft and counterclockAvise to decrease the 
thickness of the graft. When the cutting is completed, the graft is 
placed betAveen layers of Avarm saline gauze, and the donor area is 
dressed according to the usual custom of the operator. 

The care of the knife after cutting the graft is important. A sharp 
knife is essential, and it should demand the respect of the operator at 
all tim es. I present the knife to the nurse after using. She removes 
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the rod, washes it with warm water, and then with ether. She then 
places a small amount of petrolatum jelly on the blade, replaces the 
rod, and wraps the assembly in a towel. 'When the knife is to be used, 
I remove the rod and the attachment, wash with ether, and strop the 
blade with emery powder on a Avet towel according to the directions 
of Blair and Brown for the care of the Blair-Bi-own knife. The knife 
is then Aviped Avith the Avet toAvel, dried, and the attachment replaced. 
It is placed in 70 per cent alcohol until ready for rise, Avhen it is 
Avashed Avith sterile AA'ater and dried Avith sterile gauze. Kilner uses a 
three-Avay strop and gets excellent results. 

A. 




U • W • 




B, 


1. A. Microphotograph of section of skin cut with the assistant turning 

thickness-determining screws m order to increase the thickness of the &raft while 
the graft was being cut. Knife did not leave skin during the cutting of the graft. 

B microphotograph shows self-adjustment nhile cutting graft. The thinner split 
irraSt was cut, the adjustment made at the central depression area, and then the 
thicker split graft cut without removing knife from skin 

Both these specimens iiere cut for slide demonstration purposes 
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A. C. C. 

Fig. 3. — Illustration of the cutting of a split graft with the modified skin-grafting 
knife. The end of the procedure is seen in B and the donor area and graft C. The 
inside of the thigh, when available, is an ideal location for the cutting of a large 
graft and in my experience is more frequently used than any otlier donor site. 
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How ofleii slunild tlu' hnilV !u> honed/ 'I’liis is a difiiiMdl qneslion 
lo answer and mnst he lel'l to the jutl^inent of the s\U'jieon. 1 liave 
cut thirty-throe grafts with one of my blades liofoi'e 1 fell lioninfr was 
necessary. 

The cuttinp: of a t:r<ifl witli this ai)idiaiiee .should olYer no diftieulty 
if one is accustomed to the cutting <tf a f:raft with a straif^hl l)lad(‘. 
If one is not aecusloiiied to euttinir urafts. ]>raetiee may he neeessai'V. 
d'o determine the thickness to he cut. 1 simjily hold the knife lo the 
liuht to ohserxe the spaee hetween the hlade and the rod. However, 



, — Donor areas on the back. Both of these patients had burns of the 

11 and lateral surfaces of one thigh were used A small spilt graft 

o lo necessary to cover the granulating area on the posterior surface of one of 
oi/oii ^ « ^1 *^nck was readily available as a donor site. In B, donor areas aie 
1 hack The edges show a great deal more » regularity as compared 

graft was placed on granulating surface and this factor was not im- 
emaciated back like this may offer consideiable difRcultv in cutting 


there are graduations ivhieh may be used to determine the thiekness. 
For this purpose, the screw must be turned counterclockwise until tlic 
rod touches the blade. This ivill be the zero index. Then the screiv 
must he turned clockwise to the desired number of graduations past 
the zero index necessary for a particular thickness of graft desired. 

There is one difficulty that may arise in cutting the graft. A satisfac- 
tory graft may be cut ivith one end of the knife, but the other end may 
appear thicker in spite of equal calibration. In this case it might be 
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well to elieclc the width of the blade because, if the blade is so wide that 
its edge lies opposite the center of the rod or extends beyond the center 
of the rod at either end, the disturbance mentioned will result. This 
can be corrected by sending the knife to the manufacturer for honing, 
so that the width of the blade is made equal throughout and so that, 
Avhen the screws aic turned down, the edge of the blade Mill strike the 
rod cveiMMvherc just proximal to the center of the rod. 



Fjgr 6. — Donor areas on the side of the upper arms. Notice the keloid formation 
on the donor area of the Negio patient (A). This is another con\enient and prac- 
tical donor site. Quite a wide graft can be cut from this region by hating the 
operator place his foot on a stool, grasping the patient’s arm and placing it across 
his thigh, thus resting the upper arm and increasing the surface area. 


Finally, I M'ish to stress the importance of considering the age of the 
patient, location of the donor area, and condition of the skin from M’hicli 
the graft is to be cut, since these factois are variable. If good sound 
surgical and anatomical judgment is alvTiys employed, this instrument 
tvill serve a good purpose. 
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ANESTHESIA FOR THE BURNED PATIENT 

Captain E. jM. Pappek, ^Medical Corps. Army or tiie'United States 

B ecause of the large number of Inirns among the casualties of 
modern -warfare, considerable interest lias been manifested in the 
various aspects of the treatment of the burned patient. Extensive 
studies, experimental and clinical, have been presented on the problems 
of pathologic physiology and the clinical management of burns, with 
particular emphasis upon the control of plasma loss and .shock with 
plasma replacement therapy, and also upon the factors concerned with 
the local treatment of the burned areas. Despite the intere.st in the 
problem of burns and the mass of material available for .study, com- 
paratively little attention has been paid to the importance of the anes- 
thetic management of the burned patient -who I'equires operatii’c pro- 
cedures either early or late in the course of the injury. 

Generally speaking, the consensus has been that the surgical treat- 
ment of acute burns should be performed without anesthesia where 
pos.sible.^ However, there are many instances in which the employment 
of an anesthetic is necessary to the successful completion of a surgical 
procedure in the burned patient. In this connection pcntothal sodium 
has been recommended by several authors as the anesthetic of choice.^"' 
Other witers have administered nitrous oxide'' and ether." In so far as 
can be detennined from a study of the available literature, the employ- 
ment of infiltration, nerve block, or spinal anesthetic procedures has 
not been advocated in the therapy of the acutely burned patient. In the 
reconstructive aspects of therapy for the burned patient no definite 
stand has been taken with regard to the choice of anesthesia by workers 
interested in this subject, except for the group at the IMassachusetts 
General Ho.spital who cai-ed for the patients of the Coeoanut Grove 
disaster.® In this series, twenty-one operations of a plastic nature were 
performed with ether as the agent of choice in thirteen, and a variety 
of agents and techniques for the remainder. The .statement is made 
that no comiilications due to anc.s1hesia were noted in any of the cases 
described. 

Because of the relative paucity of information available as to the fac- 
tors concerned in the proiier anesthetic management of the burned 
patient, both in the acute and in the late or chronic stage of the injury, 
a .summary of experience availahle at a large Army General Plospital 
appears to he in order. 

CLINICAL D.VTA 

Since the clinical material was observed at a Zone of Interior Army 
General Hospital, little opportunity was afforded to treat acute thermal 
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liimis iinmodiatoly aflor injury. Of Ihc ])alioiil.s adniitlrd M'illi aculc 
burns, only six required einerfieney .surfrieal inlervenlion in llie f'ortii ol 
debridement. Two of lliese six were salisfaelorily inanamsl wilii nioi-- 
l)hinc analgesia; three reejuired ])ent<)tlial .soditun in very small amounts; 
and one, a ehild. was given ether by open drop technique. Siiie(‘ 
burned patients are rarely admitted to this hosjulal immediately alter 
injury and are usually .seen .several we(>lvs aflei' sustaining the burn, no 
conclusions can be draum based upon juu-sonal exiierience, but 1 concur 
in the attitude that, where possible. sim])le morphine analgesia is the 
method of choice for pain relief in the surgical management of acute 
burns. It .should be emphasized, also, that the administration of ]iento- 
thal .sodium alone in the. very severely bui'ned jiaticnt is fiauglit with 
considerable danger in view of the extensive military exjiericnce in a 
theater of military operations,” where it was shown tliat tliis dnig is 
tolerated poorly by the.se patients and .should be avoided. 

i\Iore information was obtained in the anesthetic conduct of i)aticnts 
in the period .suitable for .skin grafting and ])lastic sui-gieal i>i'oeedui-e.s. 
Twenty-seven .such jmlient.s, ujum whom foiiy-nine .skin gj-afling jiroce- 
dure.s were perfoi’ined, were admitted in a ])ei'iod of twenty months. I'hc 
extent of the burn varied from a to aO per cent of the body surface, as 
estimated by the .section of jjlastic surgery in accordaJiee with Bej’kow’.s 
formula.’*’ In most in.staneo.s, .split-skin gi'afts were aii])lied to the 
burned surfaces. The anesthetic methods consi.sted of .spinal anesthesia 
for three operations in which only the lower extremities were iinmlvcd 
in donor and recipient areas, nerve hlock for one procedure, ether em- 
ploying carbon dioxide absorption technique in fifteen operation.s, and 
sodium pentothal (23^ per cent) supplemented with 50 per cent nitrous 
oxide and oxygen in thirty instances. 

Premedication consi.sted of moi’phine and atropine subcutaneously 
approximately one hour preoperativcly in cases in which jmntothal was 
used, morphine and scopolamine in suitable doses one to one and one- 
half hour's pi'eoperatively for those in Avhich ether was used, and the 
addition of a barbiturate to the latter for tlie spinal and regional anes- 
thetics. The dosage of these drugs was .somewhat le.ss than would liave 
ordinarilj’’ been administered because of the varying degrees of debility 
encountered in the patients. Earlier in the series scopolamine was given 
with morphine prior to the pentothal anesthesia, but the occurrence of 
two cases of marked lai'j’ngospasm resulting in asphyxia suggested a 
change to atropine as a more effective means of blocking- the parasym- 
pathetic nerve endings in the larynx.” The more adequate prevention 
of laryngospasm b 3 ' atropine prior to pentothal anesthesia was supported 
by expei’ience in anesthesia for patients other than those in the burn 
group. 

During the surgical procedures, a slow drip of normal saline solution 
was maintained to keep the intravenous needle patent at all times and 
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to provide a ready portal for the administration of plasma or -whole 
blood. In general, plasma was substituted for the .saline drip if operat- 
ing time extended beyond one and one-half hours. If anemia -was pres- 
ent preoperatively or if extcn.sive l)lceding occurred during operation, 
Avhole blood -was administered as the fluid of choice. 

In keeping with what is considered good anesthetic practice for this 
type of operation, the depth of anesthe.sia in the etherized patients was 
never permitted to be more profound than light second plane of sur- 
gical anesthe.sia. For the mo.st part, patients were maintained in the 
fir.st plane. In the patients anesthetized with the pentothal nitrous 
oxide sequence, the depth of anesthesia was such that at no time was 
resi)iratory activity grossly depressed. In fact, the attempt was made 
to maintain anesthesia only to the extent of preventing movement on 
the patient’s part while on the operating table. 

Complications attributable to anesthesia during the performance of 
the surgical procedures were limited in tlie pentothal nitrous oxide 
group to two cases of severe laryngospasm, requiring intratracheal in- 
tubation, described previously. This com])lication, it is believed, was 
obviated in the succeeding cases in the series by the substitution of 
atropine for scopolamine in the premedieant drugs administered. In 
the etherized patients, four of the fifteen so anesthetized in the planes 
described exhibited significant circulatory depression characteristic of 
surgical shock. With regard to the patients anesthetized with spinal or 
nerve block techniques, no untoward episodes were noted, but these pro- 
cedures were too small in number and were of so minor a nature that 
the appearance of deleterioiis manifestations Avas not to be expected. 
It should be noted that the magnitude of surgical manipulation Avas 
similar in patients to Avhom ether and pentothal AA'cre admini.stered, re- 
cpiiring tAA’o to five hours for the completion of ojjeration. 

In the postoperative period several observations of interest Avere made 
by Avay of comparison of the A'arious anestlietics emploA-ed. There Avas 
no apparent difference in -the success of A-iability of the graft Avitli 
regard to the anesthetic employed. There Avas no significant change in 
the hematologic picture of the four patients anesthetized Avith spinal 
and regional techniques. There Avas a moderate depression of both red 
blood count and hemoglobin in the patients ancstlietized Avith pentothal 
sodium, requiring an average per patient of one AAdiole blood transfusion 
consisting of 500 c.c. in the immediate postoperative period. The pa- 
tients anesthetized Avith ether exhibited a more significant anemia post- 
operatively, requiring on the average three blood transfusions of 500 c.c. 
eacli in a similar period of time. It should be mentioned that trans- 
fusion Avas given to all patients until the red blood count had reached a 
minimum of 3,500,000 per c.mm. Avith a proportionate concentration of 
hemoglobin. It is evident, therefore, that in patients in Avhom general 
narcosis Avas considered necessary for skin grafting procedures in the 
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Ircatnienl o£ Inirns, tlic pontothal soduiin nitrous oxide soquenco cxoiied 
a less harmful effcel U])on the final jnetui-e in the periplicral blood 
than did ether. 

Some light is east ujmn the ]>re.sent eont roversy eoneerning the eon- 
current use of sulfonamide drugs and harhiturate anesthesia.” All pa- 
tients observed \verc given one or more drugs of the sulfonamide group 
preoperatively and immediately iiostojierativcly. No demonstrable ill 
effects were noted in the patients an0.stheti7.ed with pentothal .sodium 
and no synergism hetween the two was seen. In fact, as pointed out. 
the course subseipiont to operation in the ])atienls anesthetized with 
pentothal was, on the whole, more benign than that of the etherized 
patients, despite the use of .sulfonamide jn-eiiarations. The jire.sent 
practice at this hospital is to utilize sulfonamide drugs, I'cgardle.ss of 
the type of anesthesia to he employed, jirior to oi)eration uiion the 
burned patient. 

• There were no deaths in this series of burned patients sub.ieeled to 
skin grafting procedures. 


mscu.ssio.v 

In considering the choice of anesthesia for the liurncd iiaticnt, as has 
indicated, the acutely burned patient presents an entirely different 
problem from the jiatient wlio i-eipiires ])lastic surgery in the later 
stages of the injury. The cardinal principle of treatment for acute 
burns is, of course, the I'eplacement of lost plasma by ])ro])er intravenous 
administration of plasma itself, or a suitable substitute. Surgical pio- 
ceduves should be confined to a bare minimum and the patient's con- 
dition as a whole is the important problem of therapy. For pain relief 
the administration of morphine is probably the least harmful and the 
most satisfactory method of analgesia. Where necessary, small doses of 
pentothal ane.sthesia” or ether anesthesia" may be considered acceptable 
but not ideal. It should be re-emphasized that the administration of 
any type of anesthesia producing general narcosis is not without danger 
in the acutely burned patient. Nerve block and infiltration techniques 
are useful only if the body surface burned is small in area or if the 
regions are supplied by accessible peripheral nerves. The employment 
of spinal anesthesia, particularly if the areas involved are above the 
tenth thoracic segment, is of considerable danger in the acutelj’’ burned 
patient because of the attendant circulatory depression produced by this 
tjqie of anesthesia in the patient whose circulation is already impaired, 
cither actuallj^ or potentially.^® 

In the proper anesthetic management of the burned patient in tlic 
stage of plastic repair, certain surgical requirements as well as nutri- 
tional disorders commonly seen in these patients must be borne in mind. 
It is desirable to maintain, in so far as possible, normal contours of the 
various parts concerned. This requires a reasonable maintenance of 
muscular tone underlying the recipient skin areas. Further, it is of 
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great importance in tliis type of surgical manipulation that a free air* 
waj’' be maintained to prevent capillary and venous oozing, which may 
result from obstructed respiration and is an important factor in decreas- 
ing vialhlity of skin grafts. Finally, these patients very commonly suf- 
fer from anemia which requii'es consideration in the administration of 
anesthesia. Nerve block and infiltration techniques are suitable when 
the areas concerned in the skin grafting procedures are small enough in 
size to be adequately anesthetized in this fashion. If the areas con- 
cerned in the operative procedures are beloAv the unrbilicus, spinal anes- 
thesia is con-sidercd without danger to these patients. However, as is 
frequently the case, cither donor or recipient area will be high on the 
alidomen or thorax. Patients with anemia or debility do not tolerate 
high spinal anesthesia satisfactorily, and this technique should be 
avoided if the operative procedures are in the locations mentioned. 

If some form of general narcosis is selected, the importance of a free 
airway cannot be overemphasized. It the patency of tlic airway cannot 
be assured by ordinary procedures, the employment of an intratracheal 
mechanical airway is indicated. This aid to respiration is necessary not 
infrequently and is mandaton’ in a position such as the prone, where 
ease of re.spiration is difficult. I am of the opinion that pentothal sodium 
nitrous oxide anesthesia is preferable to ether anesthesia because of the 
absence, in this series, of circulatory complications during anesthesia 
with tlic former, as contrasted with the latter, and the more salutary 
postoperative period with regard to the concentration of red blood cells 
and hemoglobin in the peripheral blood. 

Kegardless of the type of anesthesia or the drug selected, repeated 
emphasis is made upon the necessity for the administration of plasma 
or whole blood as needed during and after skin grafting procedures 
upon the burned patient. 


SUMMARY 

1. In the anesthetic management of the acutely burned patient, mor- 
phine for analgesia is the drug of choice. If morphine is inadequate, 
pentothal sodium or ether may be used in minimal quantities. 

2. Clinical experience Avith A-arious types of anesthesia in the skin 
grafting stage of the treatment of burns is presented. The advantages 
and disadvantages of the commonly employed anesthetic drugs and tech- 
niques are presented. 

3. Where general narcosis is indicated for plastic surgical procedures 
in the management of burns, the most satisfactory results have been 
obtained Avith the employment of pentothal sodium supplemented by 50 
per cent nitrous oxide in oxygen. 

4. Adequate intravenous replacement therapy Avith plasma or A\diole 
blood, as indicated, is necessary during the operatiA'c period in the man- 
agement of the burned patient. 
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ORTHOPEDIC SURGERY FOR RECONSTRUCTION OF 
CONGENITAL ]\IALPOR]IHATIONS OP THE KIDNEY 

Robert Gutierrez, A.B., M.D., P.A.C.S.,®^ New York, N. Y. 


INTRODUCTION 


S INCE the introduction of a systematic use of urographic examination, 
anomalies of tlie liidney have been very readily discovered. It has 
been found that more than 50 per cent of these anomalies were respon- 
sible for painful s 3 Tnptoms, whieli in man.v instances liad been erro- 
neoush' diagnosed and many patients had even been .sulmiitted to an 
unnecessarj' abdominal operation. 

The object of this paper is to call attention to the po.ssibilit.y of the 
surgical oi-thopedic correction of certain congenital malformations of 
the kidnej% bj' applying to surgical urologic conditions the same conserva- 
tive principles that have been applied successfully in orthopedic recon- 
structions of other systems of the bod.v. The idea is not a new one, yet 
it appears that the' medical profession in general has not full.v grasped 
the fact that malformations of the kidne.v are not infrequently respon- 
sible for obscure abdominal sjTnptoms.* IMembei's of the profession are 
apparenth’- unaware that in such cases it is now frequentlj' possible to 
relieve sj'inptoms and effect a cure bj' the conservative orthopedic re- 
construction of a congenitally anomalous kidney .- 
We are living in an era in which malformations of the Iddney can be 
diagnosed elinicall.y before post-mortem, and in which results can he 
verified by the modern methods of urologic and urographic examination. 
The kidnej" and its excretory apparatus can now be visualized uro- 
graphicallj" bj' either one of two methods — that of excretoiy and that 
of retrograde pjmlographjE These methods serve to verify' both the pre- 
opei’ative diagnosis and the postoperative results. A quarter of a eentuiy 
ago nothing like this could be done, and the individual who was so un- 
fortunate as to have been born ivith a malformation of the kidney had 
to carrj"^ it unrecognized to his grave in most instances, or was subjected 
to operation under a mistaken diagnosis, without relief of sj-mptoms. 

The multiplicitj’^ of possible anomalies of the kidne.v and its excretoiw 
apparatus, and of its blood and lymphatie supph', I have classified and 
tabulated elsewhere, and they need not be discussed here.^ 

For purposes of this presentation, three groups of eases are to be con- 
sidered, namelj', those in which (1) the malformation is an accidental 
finding and has not produced symptoms; (2) the anomaly itself is respon- 
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sible fov painful symptoms; and (II) tin* anomaly is associated willi otlior 
advanced patliolosic lesions. As a rule most of the eases which come 
under the eye of the roentgenolofrist, nrolofrisl. or general snrjicon arc 
those in Groups 2 and 0, and these eonstit;de the type of <"\se. T propose 
to deal with in this pa]ier. My juirposc is to illustrate the importance 
of mahing a correct diagnosis of these anomalies hefore oimration. and to 
•show the operative technique onpdoyod and the ]iostopcrative residts ob- 
tained. 

I cannot emphasize too strongly the value of conservatism in renal 
.surgery, and the ease Avith which many varieties of conservative ojiera- 
tious can be performed on an anomalous kidney, saving an organ of vital 
importance, which, in the i)ast. has so often been sacrificed for lack of 
adequate study and proper i)rcoperalive diairnosis. These conservative 
principles of renal surgery have, their ]>ro])er ajiplieation in many dif- 
ferent types of congenital malformations of the kidney, but more espe- 
cially in those involving the excretory apparatus of the organ. Among 
these, the most eommonly observed are hydroneplirosis. double kidney, 
horseshoe kidney, cysts of the kidney and iwlycystic kidney, an^l it is to 
these varietie.s of congenital pathologic conditions of the kidney that T 
shall direct my attention in this ju'osentation. 

COKGKNITAt,. UYnUOXI'.lMIUO.SlS 

Dilatation of the kidney pelvis for lack of drainage is caused by 
obstruction at the ureteropelvic .iunction or anywhere in the course of the 
ureter, and may be cither congenital or aecinired. 

The modern clinical conception of hydronephi'osis was definitely estab- 
lished Avith the introduction of pyelography, .since it then became po.ssible 
to visualize the kidney, to study its function more accurately, to estab- 
lish a correct preoperative diagno.sis, and to foi'inulate a better prognosis. 
In the preurographic period most patients Avith hydronephrosis Averc sub- 
mitted to the radical procedure of nephrectomy, but at the pre.sent time 
the tendency is to conserve as much of the renal parenchyma as possible, 
111 an effort to saA’^e the kidney. To this end many conserAmtivc proce- 
dures have been presented fi'om time to time Avliich are actually plastic 
operations for the orthopedic reconstruction of the renal pelvis, designed 
to improve drainage, relieve painful symptoms, and overcome infection.^ 
Albarran^ in 1898 Avas the first to introduce this orthopedic principle, 
by resecting the loAver pole and the pelvis of a hydronephrotic kidney — 
an operation Aidiich Avas croAvned Avith complete success. Credit for other 
conseiwatiAU operations in preurographic days should also be given to 
Trendelenburg, = Kuster,® Fenger," Morris,® Israel, Bazy,^“ Terrier and 
Boudouin,” Delbert*- and others. Thus Fenger applied the Heineke- 
Mikuliez procedure for pyloric stenosis to the correction of stricture at 
the ureteropelvic .iunction, a principle Avhich has since been popularized 
and modified by many modern Avriters, among others Young,*** Amn 
Lichtenberg,** Beer and Hyman,*** Hiiiman,”’ Legueii.** Marion,*® 



124 


SUROKKY 


Papin,” Foley, Selnvyzcr,=’ Qiiiniby,-” 'Walters and Braaseh.-’’ Or- 
mond.-* Lnbash,-' j\roore,=« Gibson, Prieslley,^'’ ]\ratlie and Be La 
Pena,^'’ and others. 

HoY’ever, since the introduction of nrogi'aphic studies the tendency 
has been to correct the hydronephrosis by removing the extrinsic or in- 
trinsic cause of the obstruction. The most common causes of congenital 
hydronephrosis are: stenosis or stricture at the ureteropelvic junction 
with or without valve or constricted tibi-ous ring, aberrant polar blood 
vessels, fibrous bands of adhesions witli kinking of the ureter, high in- 
sertion of the ureter, and malposition of the kidney. In fact all these 
causes may be pi'csent in the same ca.se, but any one of them is sufficient 
alone to cause hydi-onephrosis. 

The extrinsic causes are first corrected by a complete nephrolysis and 
ureterolysis, ligation of small aberrant blood ve.sse]s, and section of any 
fibrous bands of adhesion that may constrict the ureter. For correction 
of the intrinsic causes the three most usual plastic methods of reconstruc- 
tion of the renal pelvis are: (1) section and plication of the con.stricted 
ui-eteropelvic junction to relieve mechanical obstruction; (2) resection 
of tlie renal pelvis with or without transplantation of the ureter to the 
most dependent portion of the pelvis, in order to secure good drainage; 
and (3) lateral anastomosis of the ureter to the renal pelvis by a Y- 
shaped incision, to enlarge the ureteropelvic outlet. 

In the conservative treatment of congenital hydronephrosis it is of 
paramount importance at the close of the ])lastic procedure to establish 
proper drainage by a temporary nephrostomy. This is especially true in 
the infected type of hydronephrosis. The nephrostomy tube should be 
introduced through the cortex of the kidney into the most dependent 
portion of the renal pelvis. It should be accompanied l)y a ureteral 
catheter which passes on through the pelvis and into the ureter, thus 
seiwing as a splint to hold the ureter straight for the purpose of adequate 
drainage. This temporary drainage from the renal pelvis may also be ob- 
tained by an indwelling ureteral catheter.^® 

'While the procedure of choice in congenital hj'dronephrosis is a con- 
servative operation, it is obvious that if the kidney is already devoid of 
function the only recourse is total nephrectomy, provided of course that 
in the kidney of the opposite side there is a normal pyelogram and evi- 
dence of good function. In eases in wliicli the hydronephrosis has not 
been satisfactorily corrected by the conservative plastic orthopedic pro- 
cedure, complete relief of .symptoms can still be obtained by carrying out 
a secondary nephrectomy.'** 

In' choosing the type of conservative operative procedure for relief of 
uncomplicated congenital hydronephrosis, I have twice resected a polar 
accessory blood vessel. In three cases fibrous bands of adhesion causing 
kinking of the ureter were completely relieved by nephrolysis, uretero- 
Ivsis and nephropexy. In two other instances resection of the pelvis of 
the kidney was carried out to correct hydroneph.rosis, accompanied by a 
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iemporaiy iiciilivoslomy, with sood success. A jiyclo-urclonil iinns- 
loinosis gave relief in one ea.so of .slonosis a1 the ni’etoropelvie junction; 
hei'e, too, a temporary nephrostomy followed and gave good results. In 
another instance, where tlicro wa.s high im))lantation of the ureter, 
section and ligation of the ureter, followed liy urcterojielvic ann-stoinosis 
and temporary neiihrostomy, gave com])lote relief. In another somewhat 
similar case I carried out re.seetion of the jielvis and ureter, transplant- 
ing the latter to the most dejicndcnt ])art of tlie reconstructed pelvis in 
order to avoid sectioning an important aherrant blood vc.ssel. 

In all these o])erations for congenital hydroncphi’osis 1 have had com- 
pletely satisfactory rcsult.s hotii anatomically and functionally. I have 
always concluded the procedure with a ncidiro]5exy to secure a better 
position for the kidney and ureter, for jnirposes of drainage. 

The good results obtained in this small series of ca.ses have been due, 
first, to the careful selection of cases; second, to tlie use of a rigorous 
technique; and finally, to the fact that diversion of the urine was ean-ied 
out in all cases of resection of the renal pelvis and in lliose of iiretero- 
pelvie anastomosis. 

All these ten iialients had suffered with painful abdominal symptoms 
over a long period of time, and in every case complete relief of the.se 
symptoms as well as of urinary disturbances urns obtained. 

In other types of congenital hydronephrosis with a.ssociatcd pathology, 
such as nephrolithiasis, double kidney, or horse.shoe kidney, I carried out 
in two instances a heininciihrectomy ; in one case a polar resection of 
the kidney for stones in the upper calyx, with h.vdronephrosis of that 
calyx; and in another case the same procedure was applied successfully 
to a lower calyx. 

In another group of hydroncphrotic cases with hydro-ureters there 
was a combination of lesions for which I carried out a combined uretero- 
nephrectomy or ureteroheminephrectomy, the aim in the latter case being 
to save the half of a double kidney bj' plastic operation. 

Admittedly, the cases that are suitable for conservative operation must 
be carefully selected. It is obvious that not all cases of congenital 
hydronephrosis are amenable to conservative surgical procedures. Out 
of a group of forty cases of marked hydronephrosis that I have studied 
personally, in eighteen operation was not carried out; in some of the 
eighteen symptoms Avere relieved by conservative urological measures, 
consisting of eystoscopic treatments with dilatation of the ureter.s, kid- 
ney pelvis lavage, and administration of modern urinary antiseptics. 
HoAvever, in most of these cases, the sac of the hydronephrosis was of 
moderate size, was accompanied by pyelitis and pyelonephritis, and the 
kidney still had fairly good function as revealed by the urea estimation 
and phthalein elimination, as well as by urographic studies. Of the 
group in which operation Avas not done, seven cases Avere bilateral. 

Of the remaining tAventy-tAvo patients. tAvehm had associated pathology 
or the kidney Avas alreadj" devoid of function, so that these necessarily 
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came to total neplu'cctomy. The other ten eases (25 per cent), there- 
fore, represented tlic number found suitaljlc for orthopedic reconstruc- 
tion, by means of some form of conservative plastic procedure for correc- 
tion of the In'droncphrosis. 

In all these eases the kidney was exposed In’ tlie lumbar route, and 
complete nephrolysis and uretcrolysis were carried out. In some re- 
quiring drainage, nephrostomy was instituted and in most instances was 
maintained for from three to four or six weeks. In all cases nephropexy 
was perfonned, to place the kidnej' and ureter in good position for 
drainage. Before leaving the hospital, the anatomic and functional re- 
sults were checked up in evexy case, in order to verify the final results 
obtained. 

DOUBLE IvIDXEV 

The need for orthopedic reconstruction of a double kidney is obvious, 
whenever the pathologic condition in such a kidney is eleai’ly demon- 
strated in the pyelogram. This is particulaxly true in eases in which 
there are persistcixt painful abdominal symptoms which have paved 
the way for erroneous diagnosis, and whiclx have not yielded to futile 
abdominal operations. lYhenever careful ux’ographic studies of excre- 
tory urograms or of rctrogi-ade pyelograms have disclosed the im- 
paired dynamism and faulty mechanics of the doixble kidney, as the 
dii’ect cause of the delayed emptying time of the kidney, leading to inter- 
mittent ci’ises of hydronephrosis, the malformation plainly demands 
appropriate surgical treatment for its collection before the complete 
destruction of the entire renal parcnchj-ma takes place, which will de- 
mand total I'emoval of the organ. 

In eax’efully selected cases of double kidney with painful symptoms it 
appeal’s tliat some tj-pe of consen'atix'e oporatioxx shoxxld be cax'ried 
out to reconstruct the anomalous organ, thei’eby providing it with 
nonual function. Here too, as in hydronephrosis, there are several tjqpes 
of pla.stic px’ocedure which are capable of achieving this end. Among 
these are (1) anastomosis of the two renal pelves; (2) anastomosis of 
the upper ureter to the lower I'enal pelvis; (3) anastomosis of the two 
ui’eters at any level; (4) traii-splantation and reimplantation of one or 
both ureters; (5) anastomosis of the lower renal pelvis to the bladder 
in eei'tain cases of ectopic double kidnej’, and (6) heminephrectomy, or 
resection of one-half of the double kidney, with oi’ without removal of the 
coi’X’esponding ureter. 

Anastonxosis of the two renal pelves or of the two uretei’s has seldom 
achieved permanent cure, and most of the cases in which it has beexx 
employed have unfortunately come sooner or later to secondary nephrec- 
tomy. 'When one is confronted, therefore, with a ease of double kidney 
and double ureter in whicli an unavailing abdominal operation has been 
performed, without relief of sjTnptoms, the best prospect of cure lies in 
carrying out a heminephrectomy.^^ 
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T l)ad tlic opporlunily not so lonpr ajjo to oporalo upon a paliont witli a 
ease of this kind 'vvitli jrralifyin^ results. Slie n-as a youn^ woman wlio 
had been operated npon elsewhere, for ehronie appendicitis, but symt)- 
toms were not relieved. Upon nro^raphie examination .slie was found to 
liave an enlarcicd rijilit double kidney with double renal ])elves and 
ureters. The ureters, after ci'ossine: one another, beeanic united above 
the bladder, rcsultinjr in nri)nu-y stasis, with marked dilatation at their 
jmint of union, as well as ]\veleetasis and ealiectasis. Pyelitis and 
pyelonephritis were ])re,sent, aloufr with an ap]ireeiable de^i’ec of neph- 
roptosis. When medical treatment failed to brine: relief, the ]iatien1 was 
completely cured by resection of the upper ]Kile of the double kidney 
and removal of the correspondinir uretei', followed by nei>hropexy of the 
half of the kidney left in situ, with a view to .straisihteniim tlie ureter and 
securing good drainage. Three weeks after operation the ]\velogram re- 
vealed a nonually functioning right kidney, thus eonfirining the sueee.ss 
of the orthopedic ]u-ocedure. The patient has since given birth to a 
baby without any urinary inconvenience, and is now completely free 
from symptoms. 

Owing to the almost inevitable faulty mechanics of a double kidney, 
re.sulting in dynamic dysfunction of the excretory apparatus of the kid- 
ney, the emptying time is retarded and the elimination incomplete in one 
or both pelves of the double organ. This is plainly .shown in the delayed 
urogram, taken one, or more hours aftci* intravenous in.icction of the 
opaque substance, demonstrating the actual surgical pathologj- present 
in the double organ. 

As the crossing of the two ureters in the double kidney is quite charac- 
teristic in this malformation, interfering with the physiologic peristaltic 
contraction and retarding the emptying time of the renal pelves, we have 
here essentially the same phenomenon of an extrinsic mechanical factor 
that we commonly observe in cases of aberrant blood vessels, causing 
obstruction at the ureteropelvic .iunction, and resulting here too in 
hydronephrosis. 

For the same reason, therefore, that we remove an al^errant blood 
vessel for the orthopedic surgical relief of hydronephrosis in a single 
kidney, we likewise in double kidney do a heminephrectomy with removal 
of the corresponding ureter, in order to relieve mechanical obstruction 
and achieve a permanent cure, with complete disappearance of symptoms, 
whether abdominal or urinary. 

HORSESHOE lODNEY 

Among the most important congenital malformations of the kidney, 
demanding operative intervention, with orthopedic surgical reconstruc- 
tion of the anomalous organ to relieve painful symptoms, is tlie classic 
horseshoe kidney.^® 
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In the surgical treatment of horseshoe kidney I have elsewliere de- 
scribed four groups of cases which Ave can now reclassify for practical 
purposes into five groups as follows : 


Silent horseshoe kidney Avithout any painful symptoms. 
Horse-shoe* kidney associated Avitli indefinite abdominal 
pain, urinary symptoms and gastrointestinal disturbances. 
Horse.shoe kidney associated Avith gross pathologic lesions 
in one-half of the fused organ. 

ITorse.shoe kidney associated Avith gross pathologic lesions 
in both renal pelves. 

Horseshoe kidney as.soeiated Avith other types of anomalies, 
such as the presence of three or four renal peh-es and 
ureters. 

We are here concerned Avith the mo.st common type, the eases usually 
obserA^ed clinically, .such as those listed in Groups 2 and 3, AA'hich demand 
some form of surgical orthopedic reconstruction to relieve symptoms and 
bring about a permanent cure. 

Although operations for reconstruction of fused kidneys Avere per- 
formed preAUOUs to the urographic ei*a, it is only rather recently that they 
have become popularized. In the past most of the operations performed 
on the horseshoe kidney AA^ere done, not for the anomaly per se, but for 
the relief of associated pathology in one-half of the double organ, for 
AA'hich such procedures as heminephreetomy, nephrolithotomy, p3'elo- 
lithotomj', or even ureteropelvie anastomosis has been carried out. 

For the orthopedic reconstruction of the anomalj* per se, hoAA'eA'er, in 
order expresslj' to relieve painful sj’mptoms for Avhich it alone is respon- 
sible, no procedures have been envisaged until rather recentlj', Avhen 
Papin,^^ Folej',^® Gutierrez,- and others adA'ocated s 3 'mph 3 'siotomy or 
diA'ision of the renal istlunus as a means of relicA'ing persistent s3Tnptoms 
and providing a definitive cure. 

In a t 3 'pical case in Avliieli I recentl 3 ' operated successfull 3 ’- upon the 
patient, a Avoman had been suffering for long years AA'ith Avhat I haA'e 
called the horseshoe s 3 mdroine, or the horseshoe kidncA' disease, consist- 
ing of indefinite abdominal pain, urinar 3 ' s 3 'mptoms and gastrointestinal 
disturbances. After she had received treatment for chronic cholec 3 'stitis, 
chronic appendicitis, colitis, and other abdominal complaints for many 
years, to the extreme of becoming practical^ a neurotic for lack of re- 
lief of her s3Tnptoms, her condition Avas finall3' diagnosed as horseshoe 
kidney, for AA'hich she Avas referred to me for examination and treatment. 
The complete urologic and urographic examination disclosed the presence 
of a horseshoe kidney Avith pyelitis and p3'elonephritis, marked urinary 
stasis, and evidence of pyelectasis and cabA'ectasis, thus clearly revealing 
that the patient Avas suffering AA'ith the horseshoe kidney disease. 

In this case, after proper preliminary preparation, I carried out an 
orthopedic reconstruction of the fused organ b 3 ' an extraperitoneal 


Group 1. 
Group 2. 

Group 3. 

Group 4. 

Group 5, 



GUTiKKRKZ: ouTiiorKmc sri!Gi;in' axd magpormation or kidngv 12!> 


sympliysiotoniy oi)era(ion, or ilivisioii of I ho ri'iml islliiiuis, followed l)y 
iiephrolysis, lu-clcrolysis. and rijihl nephrojioxy.^ 

The purpose of this orlhoiiodie ]iroeoduro was. first, to I'cliovc the 
pressure of the istliiuus upon the }rreal ahdoniinal vessels by separatiufi: 
the two kidneys from eaeh other and rotatinir them outward from their 
midlinc position to occupy their normal position, one in eaeh lumbar 
rojrion, and second, to relieve the mechanical obstruction of the ureters, 
caused by their ventral position in front of the renal isthmus, which 
interferes with good di’ainagc. 

The postoperative results of this plastic procedure for division of the 
renal isthmus were truly dramatic. Three weeks after the operation the 
retrograde pyelograms and the renal functional tests revealed not only 
that both kidneys were working perfectly and apiicared to be in their 
noi’inal position, but also that the uretei-s likewise had assumed the 
correct po.sition and were providing good drainage. The oiieration for 
tlie orthopedic reconstruction of the anomalous organ was thus entirely 
satisfactory, and the patient was relieved of all .symptoms, abdominal 
and gastrointestinal as well as ui'inary. 

From this case it is po.ssible to see the nccessil.v of recognizing in ad- 
vance the indications for ap])lying the principles of orthopedic surgical 
reconstruction in cases of horso.shoe kidney a.ssociated with the horee- 
shoe kidney syndrome. 

In addition to symphysiotomy foi' division of the renal isthmus, even 
a sjunphysiectomy can safely be carried out. if indicated, removing the 
entire isthmus of the hoi-seshoe organ, as in a case recently reported by 
Lower,®® Avhen a nephrectomy Avas suece.ssfull.v jAcrformcd for removal of 
a third kidney ensconced in the middle portion of the isthmus of the 
horseshoe organ. 

For cases of horseshoe kidney included in Group 3, in Avhich the 
anomalous fused organ is accom])anied b.A’" some gross type of pathologic 
lesion in one of its halves, several forms of .surgical procedure are avail- 
able. Among the simpler are pyelotomy and nephrotomy for removal of 
stones, and nephrostomy to provide drainage in pyonephrosis. Among 
the orthopedic procedures are pelvi-ureteral anastomosis for correction of 
hydronephrosis, and heminephi'ectomy for remoAml of one-half of the 
horseshoe organ in cases of adAmnced nephrolithiasis, tuberculosis, or 
tumor, and also in cases in AA^hich one of the halves is devoid of function. 

Horseshoe kidney associated Avith bilateral nephrolithiasis can also 
be submitted to orthopedic correction, the type of sui’gical procedure 
being chosen on the basis of the functional capacity of the respectiA'e kid- 
neys that constitute the fused organ. The procedure should be carried 
out first on the better side, so that, if it becomes necessary, heminephrec- 
tomy can be carried out in the kidney of the opposite side. 

CONGENITAL CYSTS OP THE KIDNEY 

Tavo distinct types of congenital cysts of the kidney confront the 
surgeon, namely the large solitary cysts of the kidney and the poly- 
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cystic kidney. I have presented elsewliere a classification of the many 
different varieties of cysts of the Iddney in a report on ten cases, de- 
livered before the American Urological Association in 1941.®^ I have also 
described the operative technique employed in the orthopedic correction 
of this cystic type of malformation by suitable resection, and the results 
obtained thereby. 

Both of the two principal types of cystic malformations of the kidney 
were formerly regarded exclusivelv as medical entities, and were in fact 
seldom correctly diagnosed preoperativel}^ With the advent, however, 
of the modern meajis of diagnosis, accuracy in the differentiation of 
these two entities is now possible, and their orthopedic surgical correc- 
tion has been made feasible in some cases. 

Although this cystic condition is congenital, it is not often recognized 
until painful abdominal symptoms make their appearance, or imtil 
urinary disturbances call for a complete urographic and urologic 
examination. Large solitary cyst of the kidney is as a rule tmilateral, 
while polycystic kidnej’- is general!}' bilateral. Both conditions are to- 
day, to a certain extent, amenable to conservative surgical correction. 

Large Solitary Cyst of the Kidney . — The large solitarj’- cyst of the 
kidney may be located in any part of the organ. When it is in the upper 
pole of the right Iddney it may easily be mistaken for some other patho- 
logic lesion of the right upper quadrant of the abdomen, and its diagnosis 
is then difficult unless it is clearly visualized roentgenographicaUy. The 
renal sjTnptoms may in fact be completely masked by those of the liver 
and gaU bladder, upon which the cyst impinges ; hence, these cysts fre- 
quently give rise to gastrointestinal manifestations. 

These large serous cysts faU anatomicopathologically into two groups : 
(1) cysts connected with a calyx or the renal pelvis, and (2) cysts that 
have no such connection. The latter are far more common, and may 
exist for many years without giving sjTuptoms until they reach an 
enormous size, sometimes becoming several times the size of the kidney it- 
self. According to the type of their content these renal cysts may be 
classified as serous, hemorrhagic, purulent, tumor containing, calcified, 
hydatid, dermoid, or tuberculous. The renal cyst may also be accom- 
panied by hydronephrosis or other tj’pe of pathologic condition of the 
kidney, such as stone, or cancer. Although usually unilateral, the cyst 
may be found in both kidneys and occupying both poles. In the most 
common type, however, it is located in the upper or lower pole of one 
kidney. A cyst may remain silent until its pressure upon surrounding 
structures results in painful sjmiptoms, chiefly abdominal. As soon as in- 
fection sets in, it also causes hematuria and pyuria, giving evidence of 
pyelitis and pyelonephritis. 

The modern tendency in conservative renal surgery is to resect the 
cyst in order to save the kidney. The procedure will vary with the in- 
dividual type of case. Obviously when the kidney parenchjmia has been 



GT.'TIKUKKZ : ORTMOPKOKl Srur.KHY AXP MALTOliMATION 01' KIONKY 1o1 


destroyed by compression of the cyst, nnd I lie kidney Ims beeome func- 
tionlcss, neplu’cctomy mnst be eorricd onl. But ^vben the cyst bas in- 
volved only a limited portion of the parenchyma, a conservative ortho- 
pedic opei’ation con still be pcrfoi-mcd to relieve the orpaii of its 
malformation and its painful symptoms. This will eonsist of removing 
the cyst and carrying out a com]dote nejdirolysis, nretcrolysis, and 
nephropexy. AYlien the cyst is very larpie and has dest royed a consider- 
able amount of renal parenchyma, an orthoiiedic resection of the entire 
upper or lower imle is called for. AVhen it is connected with a calyx, 
partial resection includinjr a calyccctomy should be carried out, after 
which the calyx should be sutured to ]'>revcnt leakage of urine, and the 
raw surface of the kidney covered with fat to prevent blecdiiitr. Care 
should of course be taken to see that the blood sn]>]ily of the remaining 
portion of the kidney is adequate. 

Experience has .shown, therefore, that the kidney upon which a large 
solitary cyst has develo]ied can, in the majority of eases, be definitely 
corrected by a conservative orthopedic ]-»rocedure. consisting cither of a 
total resection of the cyst alone, without jiarenehyma, or of a partial 
nephrectomy, designed to reconstruct the. anomalous organ, to relieve 
symptoms, and to restore function. 

Polycystic Kidney . — Polycystic disease of the kidney is a congenital 
malformation of the kidney, characterized by formation of multiple cysts 
of the renal parcnch;\nna. It is generally bilateral and progre.ssive, with 
a tendency gradually to destroy the kidney parenchyma, diminish renal 
function, and hasten renal failure. It is quite commonly found in asso- 
ciation with surgical pathologic conditions and, in most instances, with 
pyelitis and pyelonephritis, causing hy])ertension, and gastrointestinal 
disorders. In advanced cases the polycystic Ividney may be enormously 
enlarged and may occupy the entire flanlv on each side of the abdomen. 
The diagnosis can be definitely made with complete urographic studies, 
in which the pyelogram will disclose the typical elongation of the 
calyces, thus serving to confirm the polycystic condition. 

The clinical importance of recognizing this entity lies in the fact that 
whereas in the past polycystic kidney was considered exclusively a 
medical entity, we know today that the condition can in reality be cor- 
rected to some extent by conseiwative surgerj’-, and the sjmiptoms re- 
lieved, thus prolonging life and providing comfort. 

Three types of eases must be considered: (1) The polycystic disease 
is stiU silent, and gives no symptoms. (2) There are present not only 
painful abdominal symptoms but also urinary disturbances, the gastro- 
enterorenal sjuidrome, uremic symptoms, and hypertension. (3) In 
addition to the symptoms in Group 2, there is also a concomitant patho- 
logic lesion, such as hydronephrosis, stones, tuberculosis, tumor, rupture 
of a cyst with hemorrhage, or infection of a cyst. All of the cases that 
give rise to painful symptoms are amenable to relief by conservative 
surgical measures. 
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AYith accuracy in diagnosis and proper preliminary preparation, many 
of these patients can be operated on successfully today, not only to cor- 
rect in some degree the congenital malformation, hut also to relieve 
symptoms and prolong Avhat may he a life of comfort by canning out 
some type of orthopedic procedure Avhieh will restore better function. 

Many conservative surgical proceduras have been employed for relief 
of this congenital malformation of the kidney, such as aspiration of cysts, 
multiple puncture of cysts, renal deeap.sulation, and resection of cysts. 
Goldstein®® recently described a method of anchoring the kidney to tlie 
skin, after a partial cortical nephi-otomy to create a neplirocutaneous 
fistula, thus facilitating a repetition of the aspirations as often as neces- 
sary to relieve the tension of the cysts. Other types of conservative 
operation, such as nephrolithotomy, pyelolithotomy, and nephrostomy, 
have also been carried out. Even nephrectomy can be perfoimed, pro- 
vided there is sufficient function in the kidney of the opposite side. 

I have operated successfully upon five patients (my own cases) with 
polycystic kidney and associated pathology, performing two nephrec- 
tomies, one of which was for tumor and the other for persistent bleeding; 
one with pyelolithotomy, and one with nephrolithotomy; and in one in- 
teresting case I operated upon both kidneys for relief of an infected 
polycystic condition, carrying out a multiple aspiration of cysts and 
bilateral renal decapsulation.®® 

In this last case the patient was suffering with advanced uremic 
sjunptoms, paralytic ileus, and marked hypertension. The excretory 
and retrograde pyelographic studies i-evealed that the left kidney Avas 
obA'iousIj’’ polj'cystie in ciiaracter and of enormous size, oeeupj'ing the 
entire left abdomen. The right kidney was practically functionless and 
the retrograde studies disclosed an atrophic type of polycystic kidney. 
I operated upon the left kidney fii-st, aspiratiiig multiple small cj'sts and 
in addition two large ones containing, respectively, 40 c.c. and 50 c.c. of 
pus. I then decapsulated the kidney, to whicli the extraordinarily thick 
capsule was closely adherent. Six Aveeks later I operated on the right 
kidney, aspirating multiple small and large cysts and decapsulating this 
kidnej^ also. The results Avere excellent in both operations. The post- 
operative checkup shoAved tliat both kidneys had gained in function and 
that the patient Avas entirely free from sjTnptoms. 

SUMJIARY AND CONCLUSIONS 

1. Eveiy anomaly of the kidney is a potential surgical condition. 

2. Congenital malformations of the kidnej' giving symptoms are fre- 
quently amenable to surgical orthopedic correction by plastic surgery. 

3. Anomalies of the kidney are often responsible for painful ab- 
dominal sjTuptoms. 

4. Many futile abdominal operations have been performed for sjunp- 
toms referable to an unsuspected renal anomaly 
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5. Among the most common unrecognized anonmlics of the kidiK'V 
are congenital liydroneplirosis, double kidney, liov.scshoc kidney, large 
solitary cyst of the kidney, and polycystic kidiioy. wliicli arc Itcre dis- 
cussed in detail. 

6. ^lany congenital malformations of the kidney demand conservative 
surgical intervention to relieve symptoms timt are due to tlie anomaly 
per sc. 

7. Orthopedic surgical reconstruction of tlie malformed kidney lias 
found its definite place in modern urology. 

8. When excretory iirograpliic studies reveal tiic presence of a con- 
genital malformation, the patient should be submitted to a complete 
urologic examination, including bilateral retrograde ]).vclogrnms. 

9. Plastic surgery for the correction of renal anomalies shonld ho 
carried out only in u-ell-sclectcd case.s, since it is obviously useless in a 
kidney already devoid of function. 

10. Every patient submitted to orthopedic surgical reconstruction of 
an anomalous kidney .should he checked functionally and urographieally 
before leaving the hospital, in order to ascertain tlic results obtained. 
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EXTENSIVE VARICOSITIES OK THE LEG ORIGINATING 
FRO]\r THE GLUTEAL VEIN 

Rr.i’ouT or a Casi: 


WioLiA^i H. PiMot.rAU. ^r.D., K.A.C.S., CiiAm,T:.ST0X, S. C. 

(From Ihc Drparlmrnt of Surf/crjl, Mrdicnl Collciir of Ihc Stair of South Caiolina) 

T he case herewith roporlccl is of interest l)ecause the very extensive 
varicosities of the riglit leg originated I'l’om tlie inferior gluteal vein. 
This vein is a tributary of the internal iliac, whereas the saphenous 
vein, which is involved in almost all cases of varicosities of the legs, is a 



FIs. 1 — Photograph taken Feb. 9, 1940 

tributary of the external iliac tlu’ough the femoral. In a review of the 
recent literature there was found no mention of varicosities of gluteal 
origin. The history of tliis case strongly indicates that the condition -was 
of developmental origin. 

Received for publication, July 3, 1944. 
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CASE REPORT 

Case 1 (Eeport Xo. 31936). — O. B., a 37-year-old «liite man working as a carpen- 
ter, was admitted to the Biverside Infirmarj' Feb. 9, 1940. He had been aware of 
large veins in the right leg since childhood. He recalled having had, at the age of 10 
to 12 years, ulcers which were slow in healing. For many years he had worn tightly 
laced knee boots constantly in order to .‘•upport tlie leg. His general health had been 
good. He was well developed and well nourished, E.xaniination revealed no finding 



Fig. 2. — Feb. 9, 1940, point pre.ssure over inferior gluteal vein after emptying veins bj- 

elevating the leg. 

of note other than tliat pertaining to the right leg. Fig. 1 adequately portrays the 
extensive varicose vein.s on the posterolateral aspect of the tliigh and the lower 
leg. There was no appreciable involvement on the medial as^ject, however the great 
saphenous vein was readily palpable in the lower thigh. The varicosities were 
easily emptied by elevating the leg (Fig. 2), IVhen empty, point pressure applied 
over a large vein in the lower gluteal region prevented their rapid filling upon the 
patient’s standing. Bclease of the pressure resulted in rapid filling from above 
downward. A diagnosis was made of varicose veins originating from the inferior 
gluteal vein. 

'' Feb. 10, 1940, operation was performed under nitrous oxide anesthesia. An in- 
cision was made over the large bulbous varicosity in the inferior gluteal region. 
The vein was i.solated, severed, and its upper segment dissected to its point of disap- 
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poarnnco into tlie (;lulcul niu?clo. An atlonipt at .‘•triii]iinR tlu' distal sogtiipnl met 
with failure duo to its thin wall and adherenee to the ‘•kin. A urclenil eathetcr was 
passed into it downward for two-thirds the length of the thigh, and 10 e.e. of 5 per 
cent sodium morrhuato wore injected during the withdrawal. The ends of the vein 
were ligated with plain catgut and the skin edge.'- appioxiniated with cliji.s. A mod- 
erately large vein situated severjil centimeter.', anterior and inferior to the main trunk 
was isolated hy dissection, severed, and its ends ligated. An elastoplast bandage wn.s 
placed from the toes to the knee. Considerable phlebothrombosis followed thi.s pro- 
cedure, however there was no gonend swelling of the leg. Dining the ne.xt few 





FIs'. 3. — ^Aprll 3. 1941. after treatment. 

months, at intervals of one to several w-eeks, some of the remaining patent varicosities 
were injected with sodium morrhuate. The patient was last examined Deb. 2, 1943. 
Ha had bwn working steadily. Theie was no swelling of the right leg or foot, and 
ha complained of no symptoms. There were several model ate-sized varicosities on 
the lateral aspect of the lower leg. 


A NEW HEjMOSTATIC CLAMP 

Description of a Hemostat Carrying Multiple Preformed Ligatures 

Gonzalo Cubero 0., ]\I.D., San Jose, Costa Pica 

S INCE tlie control of liemorrhage is essential in any operation, any 
procedure ■which -will facilitate it is worth while. In the present 
communication is described an ingenious new hemostatic clamp, which 
through a particular modification can hold one or more ligatures with 
a special knot, Avhich Avill be described, already prepared so that they 
can be tied at the same time that the clamp grasps the bleeding vessel. 
With this instrument one is enabled to place rapidly and consecutively 
one or more ligatures without the necessity of an additional maneuver 
except for the clamping of the bleeding vessel and the necessary trac- 
tion on the suture ends to fix it. 

The clamp resembles a pean forceps (Pig. 1). The loAver arm has 
practically no modification; the upper arm is curved between the joint 
and the grasping end with dentations on its undersurface; and there 
extends distally from the region of the joint an additional short arm, 
which has the form of a half -cylinder that serves, to hold the loop of 
the ligatures. On the opposite end situated above- the thumb grasp is 
a transverse bar constructed like an automobile spring between the 
leaves of Avhich the free ends of the ligatures are wedged in alternate 
succession. This proA'ides immediate access to the ends, Avhich can be 
freed separately and readily by the assistant Avho simply detaches 
them and closes the knot Avhile the operator releases the clamp from 
the grasped vessel. The clamp can be loaded under aseptic conditions 
by the suture nurse prior to the operation. Consequently, one may 
have any number of previously prepared ligatures in triplicate amount 
depending upon the number of clamps so prepared and needed. 

Knot.— The knot is an old one Avhich is frequently used except in 
medicine. It is the double-hitch knot (Pig. 2) and consists of tAAm loops 
made cloekAvise (Pig. 3) AA'ith the second placed back of the first (Pigs. 
4, 5, and 6). o 

Technique of Usage. — PolloAAdng the incision the operator takes one 
of these clamps and seizes the bleeding vessels AA'hile his assistant by 
detaching the free ends of the ligature from the special holder simply 
exerts traction, thereby closing the loop and securing the vessel, the loop 
being automatically detached from its tilelike ridge by this maneuver. 
The nature of this loop is such that AA'heii it is draAvn taut about the 
A'essel it fixes it in such a manner that it cannot slip, and the application 
of a second knot is unnecessary. Subsequently, all that is neeessaiy is 
to sever the free ends above the knot. In this manner, by use of the 
same instrument, the surgeon simply repeats the instrument application 
and is able to ligate three bleeding points in rapid succession. 
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Advantages . — The advanliis^cs of this clamp ave: 

1. It reduces fho opcraliusj time eousiderahly aud lU’cvenls fatifiuc on 
the part of tlie surgeon. 

2. The double loo]i provides a ligature Avhich is much stronger than 
the average lie. 



Fiff. 1. — Photograph ot tho honiostallc clamp loaded with three ligature.*!. The 
tipper arm (lower jaw) Is curved between the joint and tho grasping end and has 
dentations on its upper surlace. E.>ttenaing distally from tho region of the joint on 
the upper arm Is an additional short arm, which has the form of a half-cvlindcr 
which serves to hold the loop of ligatures. 



Pig. 2. — Double-hitch knot which is used for the ligatu. :s. 

3. The surgeon may concentrate his observation and vision upon the 
detail of clamping the vessel and is not distracted from the.'operative 
field by having alternately^ to grasp a vessel and then apply a ligature. 
In a like manner the assistant devotes his attention simply to securing 
the kndt and cutting the free ends, thus obviating at least two manual 
procedures which are necessary in the conventional application of clamp 
and ligature. 
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Fig. 3. — The first step in the making of the double-hitch knot. A clockwise loop 
is made and held in the left hand : another clockwise loop is made and held in the 
right hand. 



Fig. 5. — The completed double-hitch knot. 
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4. Since the loop is previously prepjired, no knot Inis 1o bo tied, which 
is always linic-consuniinfr and at limes diftlcull hecansc of the tendency 
of. the. ligatures to adhere to the wet gloved fingers. 

f). 0)1 the hntilc front or in nncrf/cnc;/ stations or outpatient clinics 
where no physician is available immediately, any atleiuhint may control 
bleeding ve.ssels rajiidly by means of this clamji, which has been loaded 



Fig. 6 — The double-hitch knot viewed from above showing the manner in which tlio 

knot Is held. 

pre^uslj' and sterilized and kept under aseptic conditions, without 
the necessity even of washing his hands since the loop can be applied 
without contamination. 

6. The loop can be made easily by perfoi'ining two loops in a clockwise 
manner, the second loop being placed behind the first. 

7. A long-handle model mounting a single loop is invaluable in the 
ligation of bleeding vessels which must be grasped througli a small aper- 
ture and secured at a great depth. 
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FIFTY-SECOND ANNUAL 5IEETING OF THE 
YTLSTERN SURGICiVL ASSOCIATION 

Chicago, III., Dec. 1 .vkd 2, 1944 
Herbert H. D.avis, M.D., Omaha, Nebr. 

1. Madura Foot, Francis E. Clough, San Bernardino, Calif. — ^Madura foot disease 
does not occur ,iust in the tropics. Forty-eight eases have been reported in the 
United States. There is no specific treatment. Amputation is often necessary. 

2. The Technic for Closure of the King of Post-Operative Abdominal Hernia, 
Neil J. Maclean, tVinnipeg, Man., Canada. — In the upper abdomen the strong 
lateral pull of the abdominal muscles causes the hernia ring to have the long 
diameter transversely, therefore, elo.sure should be done transversely. In the 
lower abdomen, however, the long diameter is usually vertical, therefore, the 
closure should be vertical. For the closure of the umbilical hernia Dr. Maclean 
advised the three-flap method. 

3. Interscapulo-Thoracic Disarticulation of the Ann, .lacol.i K. Berman, Indian- 
apolis, Ind. — Disarticulation of the arm is being revived. Alain indications are 
malignant tumors, sarcoma of bone, carcinoma with a.xillary metastases, and, 
occasionally, cases of severe trauma. The teclmique of the operation was 
described. 

4. Postoperative Deaths, Erwin R. Schmidt and (by invitation) Ralph M. 
Waters and Noel Gillespie, Aladison, Wis. — This report was based on the records 
of deaths in 56,000 cases. Deaths on the operating table were due to cardiac 
conditions, hemorrhage, or anesthesia. Those in the first twenty -four hours fol- 
lowing operation were mainh' circulatory or central nervous system failures. 
Those deaths occurring later were mainly due to infection and emboli. 

5. The Use of Thiouracil in the Treatment of Hyperthyroidism, Arnold S. Jack- 
son, Aladison, Wis. — A study of thirtj' cases was reported. Indications were: 
iodine-resistant cases, advanced toxic adenoma, adenoma with complications, 
severe exophthalmic goiter in very young, very old, or debilitated patients, 
exophthalmic goiter with pregnancy or other diseases, iodine-fast hyperthyroid- 
ism, and recurrent or persistent hj'perthyroidism. No definite conclusions were 
given; however, the opinion was expressed that use of thiouracil would not sup- 
plement surgery in exophthalmic goiter, but that it will be a valuable adjunct in 
the treatment of primarj- or secondary hj’perthyroidism. 

From the literature Jackson reported that at least seven cases of fatal agranu- 
locytosis have occurred following its use. 

6. Thyroidectomy by the Off the Trachea Method, Martin C. Lindem, Salt Lake 
City, Utah. — ^Lindem advised removing the thj-roid bj- first cutting through the 
isthmus, then dissecting the lobe from the trachea. In this procedure he feels 

• that there is less danger of injuring the recurrent laryngeal ners’es, or the para- 
thyroids, and that much better exposure of the superior thyroid poles can be 
obtained. 

Received for publication, Dec. 23, 1944. 
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7. Amino Acids Used Intravenously in Surgical Patients, Herbert H. Davis, 
Omnlm, JCebr.— Tlu' iin])orlnneo of giving jirotein following nin-ralion was Mressed. 
The results of giving intravenous ]>rott'in digest to 20.'! surgical patients were 
given, showing, clinically, a very much improved general condition. There were 
no serious reactions. Minor reactions occurred in I! per cent of the injections. 

S. The Use of Skin Tlaps in the Rcp.ilr of Scarred or Ulcerative Defects Over 
Bone and Tendons, Earl C. Padgett nnd (by invitation) John H. Gaskins, ]vansa.s 
City, Mo. — Ninety-seven cases were reported with the use of skin grafts. Tliey 
are for the repair of defects over bone.s and tendons. 

9. The Origin and Growth of an Adenoma of the Islands of Langerhans, Louis 
P. Good, Texarkana, Texas. — In a very thorough histopathologic study it was con- 
cluded that an adenoma of the islands of Langerhans arises as a result of pro- 
liferation of the duct epithelium. 

10. Resection of Pancreas for Hypcrinstilinl.sm, Stanley R. Maxcinor, Minne- 
apolis, Minn., and (by invitation) Colonel Harry E. Bundy. — A case was reported 
of a discharged soldier, aged 2-1 years, with typical symjitoms, blood sugar going 
us low as 2S mg. per 100 c.c. At operation To per cent of pancreas was removed. 
There were eight islet tumors. Since Ibe operation the symptoms have been re- 
lieved; the blood sugar is stabilized near 100 mg. per 100 c.c. 

11. Resection of the Duodenum and Head of the Pancreas for Carcinoma, 
Warren H. Cole and (by invitation) John Reynolds, Cliicago, 111. — Five cases were 
reported, with one death. One of the four patients still 1ms a ]mnercatic fistula, 
and the other three are in good condition. These authors use long loop jejunum, 
anticipating that they may, at some time, anastomose the pancreas to the jeju- 
num, and place a drain to the region of the pancreas. None of the patients had 
ascending cholangitis. Thej’ fool that the danger of this is lessoned by anas- 
tomosing the common duct to the jejunum, rather than anastomosing the gall 
bladder, and that the anastomosis should be made proximal to the anastomosis 
between the stomach and the jejunum so that the stomach content does not flow 
over the area. 

12. Pancreaticoduodenectomy for Carcinoma of the Ampulla, Thomas G. On, 
Kansas City, Kan. — There have been 105 cases of pancreaticoduodenectomy pre- 
viously reported, including nine cases which Orr reported. Great care should be 
taken to be sure that the diagnosis is carcinoma. If in doubt, open the duodenum 
and get biopsy. 

The choice of whether to do this procedure in one or two stages should depend 
upon the condition of the patient. In selecting a technique, one should be adopted 
which can be done in the shortest time. Enough tissue should be removed and 
the bile duct used rather than the gall bladder in making anastomosis. Orr 
believes in restoring the physiology of digestion, by anastomosing the pancreas 
to the bowel. 

13. Gastric Resection for Certain Acute Perforated Lesions of the Stomach and 
Duodenum With Diffuse Soiling of the Peritoneal Cavity, J. Dewey Bisgard, 
Omaha, Nebr.- Six cases of perforation of the stomach w-ith soiling of the peri- 
toneal cavity were reported in ■which a gastric resection was done without a 
fatality. Thej- were all done on men varying from 26 to 62 years of age. Two 
operations were for carcinoma and four were for ulcers. One of the patients 
with carcinoma lived twenty months, and the other, three months following oper- 
ation, dying later from the carcinoma. The four patients with benign ulcer are 
alive and in good condition. 
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14. Surgical Treatment of Pharyngo (Esophageal) Diverticulum Review of 140 
Cases, Stuart W. Harrington, Hocliester, Hinn.— So-called e.sopliageal diverticula 
realij originate in the hypophnrynx. A discussion of the one- and two-stage ex- 
cision of the diverticulum was given, and relative merits evaluated, Harrington 
favors one-.stage operation. He reported 140 ca.=c.s, 25 of whom were treated by 
the tvo-stage operation, with 1 death, and 115 with one-stage operation, in which 
there were no deaths. 

15. A Review of One Hundred Subtotal Gastrectomies for Benign Ulcers, 
Robert L. Sanders. Memphis, Tcnn. — It was pointed out tliat tliere was a chang- 
ing attitude favoring earlier surgicjil approach to gastric ulcers. In Sanders' 
series, 22 per cent of the gastric ulcers were carcinoma. He .stated that even 
carcinoma will partially heal over for a short time with medical treatment. In 
high re.sections he does an antieolic anastomosis. Routinely, he removes 55 to (10 
per cent of the stomach. He stated that there is likeh' to be nutritional dis- 
turbances if more is removed. Since 1040 he has not done a single pvloroplastv. 
The operative mortality was 2 per cent. When the duodenal ulcer is firmly ad- 
herent to the pancreas, he cuts the duodenum across proximal to this, and inserts 
his finger in the open end as a guide in the di.ssecfion. 

16. Gastro-Jejuno-Colic Pistula, Henry K. Ransom, Ann Arbor, Mich. — The 
treatment for fistula is necessarily surgical, but the poor condition of the patient 
and the severe inflammatory reaction about the lesion has been responsible for 
a high mortalit}' rate. During the years 101>4 to 1044, at the University of Michi- 
gan Hospital, forty-seven patients with jojunnl ulcers were operated upon. Of 
these, eight had gnstro-jojuno-colic fistulas. Ages v.iried from 31 to 72, the aver- 
age being 40 years. All but one of the patients wore men. 'fhe original opera- 
tion was always a posterior gastroenterostomy. 

Two different typos of operation were used; I. Radical with gastric resection; 
II. conservative without radical resection, restoration of tlie bowel with a typical 
closure. Fourteen operations were done with two deaths, or 14.3 per cent mor- 
talit}'. One of the deatlis was due to a leak resulting in peritonitis, the other to 
empyema from rupture of a lung abscess. 

1 7. Surgical Management of Sigmoidal Carcinoma Involving the Urinary Blad- 
der. Review of Sixty-Four Cases, Claude E. Dixon and (by invitation) Raymond 
E. Benson, Rochester, JKnn, — Sixty-four cases were reported, 40 patients with ex- 
tensive resections, and twenty-four with metastnscs; resection was not done. In 
the forty resections there were seven deaths. It is advisable to treat these lesions 
radically, as they often do not metastasize early. The operation consists of re- 
moval of part of the bladder with the tumor and an eud-to-end anastomosis of 
the colon. 

18. Preservation of the Sphincters and Intestinal Continuity in Operation for 
Carcinoma of the Rectal Ampulla, Owen H, Wangensteen, Minneapolis, Minn.— - 
Resection with primary anastomosis, and without an external decompressive vent, 
is done routinely in Wangensteen 's clinic for all unobstructed lesions of the colon 
demanding partial excision. Carcinoma of the rectosigmoid juncture is treated 
in the same manner. Such procedures can be accomplished with low risk. In 
suitable instances of carcinoma of the rectal ampulla, the lesion Ijdng 5 cm. or 
more above the pectinate line, it is possible to preserve the sphincters and effect 
a satisfactory removal of the segment of the rectum involved with its lymphatic 
drainage area. A small perineal incision is made for drainage. Function is usu- 
ally good. 

19 Peripheral Nerve Injury in Association With Practures of iKing Bones, 
Charles G. Johnston and (by invitation) B. S. Gurdjian, Detroit, Mich. A series 
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of sixty-five oiierafoil eases of nerve injury in assoeiation witli fractures of loiif; 
bones is analyzed. He discussed advisability of neiindysis for tlie excision of a 
neuroma with end to end suture of the nerve. 

20. Eepair of Peripheral Nerves in the Presence of Extensive Soft Tissue and 
Bono Injuries of the Extremities, Loyal Davis and (by invitation) George Perret 
and Walter Carroll, Chicago, 111. — If there i.s a coalaniination the authors advise 
introducing sulfathiazole .jelly into the depth of the wound at the time of opera- 
tion. In case of loss of nerve substance rvlicre the nerves cannot be brought to- 
gether, the use of grafts ha.s a definite jdace. Autogenous grafts of the same 
size are best. Later it is often ncccs.sarv to resection and resuture the distal 
ends ns the nerve fibers cannot get through the scar. Nerve graft banks arc in 
the process of development. Cable grafts are not advised. If autogenous grafts 
are not available, fresh homogenous grafts nia.v lie used. 

In severe in,iuries of nerves, the reaction to the injurv nin.v extend both wa.vs 
in the nerve, proximall.v as well as distall.v, therefore, it is often necessary to 
resect the portion of the nerve proximal to the injnr.v. This point lias often been 
neglected. 

21. Chronic Sclerosing Osteitis: Differential Diagnosis, Henry W. Meyerding, 
Eochester, ilinn. — ^Mc.vcrding reviewed a series of cases scon at the Mayo Clinic 
in a period of thirty-two .vears from 1012 to lO-t.'l, inclusive. He discussed the 
symptoms, differential diagnosis, and treatment, whicli is surgical excision. The 
results were excellent. 

22. The Treatment of Infected Pin Operations for Fracture of the Neck of the 
Femur, Kellogg Speed, Chicago, 111. — On.set is usually insidious and not alarming. 
Attempts at renailing may unhappil.v be made; usunll.y the fixation agent is finall.v 
withdrawn and little else is done. The patient drifts into a condition of chronic 
osteomyelitis with bed confinement, discharging sinuses, dislocation of the hip, 
loss of weight, and strength, and may die from the effects or general sepsis. The 
ilium and acetabulum may become infected and necrotic. 

Treatment consists in early recognition, prompt, adequate drainage, and fixa- 
tion in plaster. Sulfonamide drugs and penicillin may be used if applied wisel.y. 
When the head of the femur dies its removal is imperative before the condition 
can be overcome. 

23. Status of the Bone Graft in Ununited Fractures of the Neck of the Femur, 
Melvin -S. Henderson, Eochester, IMinn. — ^In a certain percentage of cases, unfor- 
tunatel}' not high, the bone graft can be used. The fibula may be used as a peg, 
without exposing the joint, by drilling a channel through the trochanter and neck, 
well into the head. A guide wire and a .special drill are used. Eesults were ex- 
cellent in twelve of fifteen case’s, that is in 88 per cent. A double spica cast is 
applied. The patient is kept quiet from one to three months. 

24. Personal Evaluation of VitalUum Cup Arthoplasty of the Hip Joint, Glen 
Evan Cheley, Denver, Colo. — Cheley had this operation performed upon himself. 
He discussed the course of the disease, and his pre- and postoperative treatment 
and results. 
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BABTJCH COI.IMITTEE ON PHYSICAL MEDICINE 

The Administrative Board of the Baruch Committee on Physical Medicine has 
announced the granting' of an additional total sum of $185,000, 'nhich is being 
given by Mr. Bernard M. Baruch for the further advancement of the program in 
physical medicine and the physical rehabilitation of those disabled in the war. This 
sum has been divided into seven grants as follows: $50,000 to the Massachusetts 
Institute of Teclinology, Cambridge, Mass.; $40,000 to the Medical School of the 
University of Minnesota, Minneapolis, Minn.; $30,000 to the Medical School of 
Harvard University, Boston, ilass. ; $30,000 to the hledical School of the University 
of Southern California. Los Angeles, Calif.; $15,000 to the Medical School of the 
University of Iowa, Iowa City, Iowa; $15,000 to the Medical School of the University 
of Hlinois, Chicago, Ul. ; $5,000 to ilarquette University Medical School, Milwaukee, 
Mis. 

The grants to Massachusetts Institute of Technologv" and the University of Minne- 
sota are in addition to the gift of $1,100,000 made by Mr. Baruch in April, 1944, 
at which time grants were made to Columbia University College of Physicians and 
Surgeons, New York University College of Medicine, the Medical College of Vir- 
ginia, and for minor re.search and fellowship progiams for the advancement of phys- 
ical medicine. 

The present gift to Massachusetts Institute of Technology is in support of a five- 
year program of training and research in electronics, instrumentation, and physics 
in relation to medicine, to be carried on under the au.spices of the Department of 
biology and biological engineering. It was the conviction of the Scientific Advisory 
Committee of the Baruch Committee on Physical Medicine that Baruch Fellows and 
other physicians should have more than a superficial knowledge of the physics and 
technology underh-ing the physical methods and instrumentation used in this field 
and it was suggested that training in this aspect might effectively be centered at 
the Massachusetts Institute of Technologj-. The program will be under the gen- 
eral super-\dsion of Dr. Francis O. Schmitt, head of the department of biologj' 
and biological engineering, and under immediate supervision of Dr. K. S. Lion, 
assistant professor of applied biophysics, who is an expert in physical instrumenta- 
tion. 

The grant of $40,000 to the University of Minnesota is to support the develop- 
ment of a three-year teaching and fellowship program in physical medicine. The 
primary objective of the program is to be the furtherance of fundamental training 
of research workers and teachers. The program lias as its basis the development of 
scientists in the field of physical medicine. As an auxiliary to this basic training 
will be developed facilities for the training of clinicians and technicians. 

The other grants have been allocated from the fund of $200,000 given by Mr. 
Baruch in April. The sum of $30,000 was granted to Harvard University Medical 
School for establislpnent of a three-year program to provide fellowship or residencies 
to be used for the benefit of qualified physicians who are selected to be trained in this 
field. This sum wiU be administered by a strong standing committee on physical 
medicine, recently appointed by Dean C. Sidney Burwell of the Harvard Medical 
School, composed of Dr. J. B. Ayer, Dr. D. Denny-Brown, Dr. M. T. Green, 
Dr. J. H. Means, Dr. A. L. Matkins, and Dr. E. M. Landis (chairman). 
Appointments to the fellowships, which generally carry stipends of $2,500, will be 
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made annually but may be renewed to provide up to three years of specialized study 
and rescarcli. Eiujiliasis will be placed upon traininp a few men in basic researcb 
and clinical investigation. 

Unusual opportunities for clinical experience and research in the psychologic and 
p.sychiatric aspects of physical medicine will be avnihible at Harvard. The first year 
will be wholly or in pari devoted to basic ro.'-earch related to physical medicine in 
one of the preclinical sciences such ns physiology, anatomy, or biopliysics. The sec- 
ond j'oar will be spent in clinical training in idiysical Jiiedicine at the ^rnssachnsetts 
General Hospital and other hospitals alliliated with the Harvard Medical School. Tn 
the third year, fellows will be assistants in physical medicine with clinical respomsi- 
bilitics. For candidates with extensive previous training, one-year clinical fellow- 
ships will also bo granted. .\i)plicants must have an M.l). degree from an approved 
medical school and a minimum of one year of internship in an approved hospital. 
Applications may be obtained from the Uean, Haiward Medical School, 25 Shat tuck 
Street, Boston 15, Mass. 

The sum of .“iioO.OOO is being granted to the University of .Southern California to 
inaugurate a program of teaching and research in jthysical medicine in its medical 
school. The sum of .$15,000 is granted to the University of Illinoi.s to inaugurate 
a teaching program in physical medicine at its medical scliool. TIic sum of $15,000 
is being granted to the iledical School of the University of Iowa to assist in a .ioint 
research and teacliing program concerning the ell‘eefivenos.s of different metliods of 
applj-ing heat to the deep tissues of the human body. Finally, the sum of $5,000 is 
being granted to the Medical School of Marquette University, Milwaukee, M’is., for 
continuance of research in the physiologj- and pathologj- of nerves and muscles as 
related to physical medicine. 

In discussing these grants Dr. Frank H. Krusen, the director of the Baruch 
Committee, pointed out that Mr. Banich lind been particularly interested in the 
important field of electronics as applied to medicine and he said that the center at 
Massachusetts Institute of Technologj* gave promise of revolutionizing the applica- 
tion of electronics in the diagnosis and treatment of the sick. Dr. Krusen ex- 
pressed gratitude concerning the establishment of fellowships in physical medicine 
at Harvard and mentioned the advantage to the field of physical medicine in having 
this great center assume leader.=hip in the training of fellows. He also stated that 
the aid given to tiio University of Minnesota and the University of Southern Cal- 
ifornia would extend the activities of the Baruch Committee into the Midwest and 
Far West and thus tend to strengthen this important program. In conclusion, 
Dr. Krusen announced that the Administrative Board does not contemplate the 
recommendation of any further large grants for the establishment of additional de- 
partments of physical medicine in our medical schools. He said that the Baruch 
Committee would now turn its main attention toward tlie adequate development of 
the centers already established, toward providing advice in the organization of proper 
teaching of physical medicine in medical schools, and, through its strong Committee 
on War and Postwar Physical Eehabilitatiou and Eeconditioning, would attempt to 
promote proper development of physical medicine in the rehabilitation and recon- 
ditioning of both military and civilian casualties of war. The Board agreed that 
Mr. Baruch’s gifts had served as a means of providing prompt coordination of the 
entire program for rehabilitation of our wounded and for the provision of the trained 
personnel so greatly needed in activating this program. 
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gest tliat the remote results in duodenal ulcer after gastrojejunostomy are witliin 10 
per cent of being as good as those following gastric resection. Their reported 
incidence of gastrojejunal ulcer after gastrojejunostomy is 25.9 per cent. 

Inasmuch as the authors express a preference for the small gastric resection over 
more extensive resections, it is not surprising that tliey are disappointed over the 
failure of gastric resections to protect against recun ent ulcer. They stress the 
importance of removing the pylorus and antrum but fail to indicate the length of the 
afferent duodenojejunal loox), an item of some considerable importance apparently in 
determining whether reeuirent ulcer will follow gastric re.section. Thougli many will 
not agree with the authors in their reawakening of intere.st in gastrojejunostomy as 
a suitable operation for duodenal ulcer, everyone who has an interest in the ulcer 
problem will find study of the tabular data profitable and intere.sting. 

The authors favor gastric resection over gastrojejunostomy for the following 
conditions; (1) Gastric or duodenal ulcer complicated by hemorrhage, (2) gastric 
ulcer, and (3) recurrent ulcer. Thej- arc not in complete accord with recent expres- 
sions from surgeons suggesting that resection should be undertaken more frequently 
for gastric ulcer, if only in the interests of resolving the confusion which may exist 
between ulcer and cancer. On this score, the author.s appear to have had more 
success than others in ditferentiating ulcer from cancer. They find the presence 
of a good response to the histamine test a better differential than tho x-rays. As a 
matter of fact, they believe that gastric analysis constitutes an agency almost in- 
fallible in diagnostic accuracy in distinguishing between gastric ulcer and cancer 
(page 26). Very few, if any, who have studied this question critically will be able 
to subscribe to this thesis of the authors. 
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Original Communications 


Symposimn on Thrombo-Emholism 


THE PROBLE]\l OF TirRO:\lBO-EMBOLIS^[ 

Gez.v de T.\kat.s, :\r.D., SuKu., ]-".A.C.S., axd 
Edsox PAiRnnoTHER Foweek, B.A., IVI.S., JI.D., Chicaco, Ile. 

(From ihe Department of Sttrgcrp, Vnirmiti/ of Jllijioix Cottegc of Medicine and 
the Fourth Surgical Serrice, St. LuIt'.i Jloxpital) 

'~PHB formation and propogalion of thrombi in the vascular tree con- 
A fronts one vith many que.stions. The litcintui-e on tliis subject is 
vei' 3 ’- extensive ; wc have annuall.v i-cviewcd it el.sewlierc.' Tlie purpose of 
this communication is to describe bricH.v the metliocls of diagnosis and 
treatment whicli liave Ijeeu gradualh- developed as a result of oui* own 
experience. This discussion will be limited to the peripheral venous 
sj’'stem and the pulmonarj- artex'ial tree. Arterial thrmubi and emboli 
have been discussed previously 


the localiz.vtion op throjibi 

The primarj' source of thrombi in the venous system is not alwaj^s 
obvioxis. The clinical importance of the thromboses in the lower ex- 
tremities and the pelvis is so great that one need simph^ mention the 
thromboses in the upper exti-emities as being comparativel,y infrequent 
and brought on either by trauma, as the axillary thrombosis of effort, or 
following axillary dissection, as' a carcinomatous periphlebitis, or. follow- 
ing intravenous injections or infusions. The majorit.y of thrombi, how- 
ever, form in the lower extremities and the pelvic veins. It is not suf- 
ficiently recognized that from 50 to 60 per cent of all adults carr}" 
thrombi in the plantar veins or veins of the calf muscles,^ that phleboliths 
are often seen in the x-ray films of the pelvis, and that the broad liga- 
ment frequently carries plugged veins transected during hysterec- 
tomies.^ 


W co-operation of Dr. N. C. Gilbert Dr. G. IC. Fenn and 

Received for publication, Aug. 21, 1944. 
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It has been customary since the teachings ol the older pathologists to 
regard slowing of the circulation, changes in the vessel wall, and in- 
creased coagulability of the blood as the three factors responsible for 
thrombosis. 

Sloiving of the Circulation. — This factor alone Avill hardly ever suffice 
to produce thromliosis. Blood may stay fluid between two ligatures if 



Fig. 1.- — The primary sources of tleop venous thrombosis in the lower extremity. 
Mechanical obstructions localize such thrombi to certain segments. A. Tendon of 
peroneus longus crossing plantar vein; B, upper margin of malleolar ligament; (7, 
upper edge of soleus muscle : D, adductor canal ; E, inguinal ligament. 

care is taken not to injure the intima, but when other factoi's are pres- 
ent it will serve to localize the clot to a certain segment. The post- 
operative state and the prolonged bed rest of the eai’diac with slow 
circulation times predispose to thrombosis; the constricting action of 
ligaments, tendinous insertions, and bony prominences may determine 
the segmental localization of the thrombi (Neumann^). (See Pig. 1.) 
Obviously, however, since such constrictor and compressing influences 
operate in all of us, they do not suffice alone to produce clotting. 
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Injury {o ihc Tniima . — ^Mechanical Irnuina, sncli as tcavingr, crushing, 
or stretching a vessel, oiicratcs in many eases of thrombosis following 
fractures, sprains, gunshot, and stah wouncls. The vessel itself does not 
have to he directly injured, itiany ankle sprains, fractures of the lower 
leg, knee, and pelvic in.iuries are seen daily which start a thrombus at 
the site of in.iury. Infections such as occur in bacterial endocarditis, 
typhoid fever, pneumonia, or .scarlet fever may localize to the intima 
of a peripheral ve.s.sel, ]n-oducing a raw surface and a dei)nsition of plate- 
lets.*' The vessels may al.so he sensitized to allergens, producing dam- 
age.'^ Ulceration of an atheromatous ])1a(]ue in the aorta- produces 
thi'omhosis. Aneurysms invariably harbor thrombi. 

Increased CoaynlahilUy of the Blood . — There arc many states in Avhich 
the blood clots more readily. Any trauma which liberates thrombokinasc 
from the tissues will do so; this occurs after massive in.iuries to muscle 
and after any ma.ior operation. Ijoss of plasma in burns and shock, 
dehydration due to vomiting, or ra])id diuresis after mercurials produces 
hemoconcentration and increased viscosity. Patients with polycythemia 
or those suffering from carcinoma also have, a tendency to blood-clotting, 
possibly because of rai)id destruction of platelets which liberate thrombo- 
kinase in the former, and because of ti.ssue destruction in the latter. 

I’KOPIIYLAXIS OK TllROJinOSIS 

AVhat are the measures one can em])loy to minimize the operation of 
these factors? In combating the retardation of blood flow, most surgeons 
are cognizant of the importance of earl.v mobilization of patients. It 
can be statistically proved that ])rolonged imnobilization of an identical 
group of patients will lead to a higher incidcm'.'i of thrombi and emboli. 
But obviously many patients cannot be mobilized for eight to twelve 
weeks, for exami^le, those suffering from severe abdominal infections or 
fi’actures at certain sites. Elevation of the foot of the bed on chairs or 
on shock blocks is an excellent, simple procedure to accelerate venous re- 
turn from the lower extremities. Tlie pelvis must be included in this 
reversed drainage (Pigs. 2 and 3). Years ago we advocated a stationary 
bicycle attached to the patient’s bed but this can be easily substituted 
by having the patients dorsiflex and plantarflex their ankles, which ex- 
ercises their calf muscles, and empties the veins. Naturally all these 
measures have their contraindications and limitations. 

It is difficult to see how one could prevent trauma, whether mechanical, 
thermal, or bacterial, once it affects the vessel wall ; but one can help to 
localize and prevent the mural thrombus from breaking loose bj”- meas- 
ures to be discussed presently. 

The interest in preventing excessive coagulahility of the Hood has 
arisen since the advent of purified and comparativel 5 ’' nontoxie anti- 
coagulants.® In order to use such drugs preventively and not only 


•Atypical (virus) pneumonia seems to predispose to clotting. 
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therapeuticallj’’, it became necessary to look around for a simple diag- 
nostic test wliich ■would delect early changes iu the clotting mechanism. 
The customarily employed tests of clotting time and iileeding time do not 
reveal any clear-cut changes. Prothrombin time determined on diluted 
plasma does detect a tendency toAvaid incieased clotting hut the method 
requires skilled laboratory technique.' The response of such patients 
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to licjinvin is stvikiniily (liminishctl and litis docveascd iicparin lolef- 
ancc has been used extensively for dclermininfr the ineroasc in dotting: 
factors. Sneh factors have been .shown (o exist, in the postoperative slate, 
in Buerger’s disease, and in tlie pro.sencc of any Icind of intrava.scular 
clotting.®' Other factoi-s such as neurogenic influences®'’ and the throju- 
boplastic properties of digitali.s"’ liave been investigated. Convei'sely, 
drugs lilce prostigmine*'’ or sulfur compounds seemed to decrease the 
increased clotting factors. It ha.s been i rand jiractieal to determine the 
heparin response of such patients, who wore either suspected of harbor- 
ing thrombi or who have shown jirevious evidence of thrombosis. One 
cubic centimeter (10 mg.) of he])arin is in.iceted intravenou.sly. Coagu- 
lation times arc determined with a eai)illary tube before ten, twenty, 
and thirty minutes after the injection of lieparin. A flat tolerance curve 
indicates the presence or imminence of thrombosis (Fig. 4). The nor- 
mal response can be restored by heparin, by dicoumarol, by sulfur com- 
pounds, or by prostigminc.® Patients sensitized to heparin can be de- 
tected.®'' 
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tie. Tliree heparin-tolerance curves ot the same patient, indicating a steady im- 
provement of the clottings mechanism follo'^'ing treatment. 


hor the prophylaxis of postoperative thrombosis, the following drug 
therapy is used : In patients who have a pj’e-existing deep venous throm- 
bosis, or have thrown arterial or pidmonary emboli from the heart, the 
lieparin-dicoumarol combination is used Avhen operations of any sort are 


necessary. In eighty-one such patients no extension of the clot and no 
emboli occurred. Three patients had major hemorrhages requiring trans- 
fusion. These occurred, however, in the first month of our experience. 
Three patients, all diabetics, presumably with hepatic damage, showed 
a mai'ked response to a single dose of dicoumarol, necessitating intensive 
vitamin K therapy to bring the prothrombin level back to a moderately 
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subnormal level. Five additional patients had a hematoma at the site 
of the operation, mostly in the stump of an amputated leg. lYe shall 
discuss our present method of controlling tlie dosage of dicoumarol. It 
requires continuous Avatehfulness and should probably be carried out by 
the medical department, just as the dosage of insulin is regulated in the 
surgical dialmtic. Sodium tetrathionate is used in the intravenous drip 
after sympathectomies for thromboangiitis obliterans. The dose is 0.6 
Gm. to each 1,000 c.c. of salt solution. These patients do .shorn an in- 
creased tendency to clotting. They also receive tetrathionate postoper- 
atively until their clotting mechanism returns to normal (Fig. 5). 



Fig. 5. — Heparin tolerances of four patients all of wliom had intravascular clotting. 
Note that all four developed a better response to heparin. The least response is 
shown by the patient in Case 4, who had multiple emboli following coronary throm- 
bosis, one of them resulting in gangrene of the left lower extremity. His response to 
sodium tetrathionate was very small, indicating a marked clotting tendency. (From 
SttBGEKT 14; 683, 1943.1 


Prostigmine, ivhicli equally seems to improve the patient’s response 
to heparin, is used after all laparotomies, especially pelvic. Its effect 
on postoperative intestinal and bladder atony has been noted many 
times. One cubic centimeter of 1:2000 solution is given ever.y four 
hours, ten times. For some reason, which is not clear, it definitely af- 
fects the clotting mechanism.®’’ The exact number of cases in which the 
prophylactic use of sodium tetrathionate and prostigmine was employed 
could not be ascertained. It has been employed since July, 1943, to 
date, on one active surgical and one aelive gynecologic service in several 
hundred cases. There was no thrombo-embolism in the group to which 
it was given. 


THE CLINICAL, SYNDKOlME OF TONOUS THROMBOSES 

One need not describe the full-blown picture of iliofemoral throm- 
bosis, with the inguinal pain, the massive edema, and the cyanotic hue 
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of the extremity. It is more imporliinl to realize that tl)c iliofemoral 
segment is never the primnrv source of thrombosis but is the result of 
propagation from clsoAvhcre. The following clinical pictures can be 
segregated from the several hundred eases which our group has studied. 

Group 1 . — Superficial ifiilcbitis of pre-existing varicosities, ascending 
toward the groin. No, or vciy little, edema exists. No .spasm in calf 
muscles is present. Large, red. painful thrombi are visible and palpable. 

Migrating phlebitis in male .smokers in the absence of varicosities, with 
no, or beginning, arterial involvement, makes one highl.v suspicious of 
Buerger’s disease, Avhich is not within the scope of this paper. 

Attention should be directed to the not infrequently observed cases in 
which large superficial varicosities suddcnl.v become thrombosed in the 
presence of an old deep venous obstruct ion. When the.sc patients arc 
treated by the usual combination of high ligation and injections the 
edema will not subside but ma.v incrca.se. 

Case 1. — ^Dr. A. E., a 72-yoar-ol(l pliyi^u'iaii, liail a .'•lowly as^ccnding tlirombosis 
involving the entire long saphenona aystciii, without fever and general systemic 
disturbance. Ho had varicositic.s since the age of 10, but had no discomfort except 
for the annoyance of having to wear elastic .supj)orl. Only when the thrombus bad 
obviously reached the groin did he consent to an operation. 

Dee. 27, 1940, the left saphcnou.s vein was o.xposcd at the groin. There was a 
soft friable clot in the saphenous bulb which was aspirated and found to extend into 
the iliofemoral segment. With the use of an eyedropper attached to the suction 
apparatus, a large number of .soft, friable, red thrombi wore aspirated from the 
femoral vein. However, markedl.v adherent mural thrombi, obviously of earlier date, 
were also encountered. 

Continuous intravenous drip was started with 600 mg. of heparin daily. Fluids 
were limited to 2,000 c.c.; coagulation time was kept around ton minutes (capillary 
coagulation time). A large hematoma developed in the wound, which was expressed 
through a small incision on the ninth day. At this time heparin was discontinued. 
The patient wms discharged on the fourteenth day. 

A re-examination six months later revealed a low-grade chronic edema. The 
veins were still tender and firm iu tlie calf. A few doses of x-ray treatment helped 
to absorb the periphlebitic e.xudate. However, permanent elastic stocldng is neces- 
sary. To date, four years later, he is in excellent health, has remarried, and still 
practices. Edema persists. 

This ivas one of our fiist cases of aspiration and extraction. Today, 
106 would be more inclined to ligate the femoral vein instead of aspirat- 
tng it through the saphenous. Also, the use of continuous administration 
of heparin has been discontinued. 

Note that the acute superficial phlebitis was superimposed on an old 
deep venous thrombosis. Such cases are comparatively frequent. 

Group 2 . — Pressure pain' over the lateral aspect of the foot,® later over 
the inner malleolus, then over the posterior tibia! vein. There is pain 
or dorsiflexion of the foot.^® From day to day the clot seems to ascend; 
the thigh becomes tender and swollen. The femoral artery pulsates more 
feebly on the affected side but the calf and foot are warmer'. The oscilla- 
tions are increased over the affected side. Embolism is frequent when 
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the clot is below the Iniee, rare when tjTpical milk leg is present (6.6 per 
cent).^^ Embolism often precedes the appearance of the femoral 
thrombosis. This is the sjmdi’ome of ascending plantar vein fhromhosis. 
It occurs more frequentlj’- in young, ambulatoiy individuals. 

Case 2. — Mrs. E. Y., a 26-year-ol(l graduate nur.cc, f-ufterod a fissure of the right 
patella without separation of the fragment!;, in an automobile accident. A circular 
cast was applied in a near-by hospital. The sole of the foot began fo ache within 
twenty-four hours. Tlie cast had to be removed in forty-eight hours becaiise of 
severe pain in the inner malleolus. On arrival at St. Euhe'.s Hospital, six days after 
the injury, there was slight edema of the right ankle and calf. The lateral aspect 
of the sole of the foot was tender on pres.sure. Dorsiflexion produced pain and de- 
fensive spasm in the calf muscles. The thigh was not .swollen and not tender on 
pressure. 

This patient was treated with anticoagulants only, by a combiniition of heparin 
and dicoumarol, for ten days. Her conviilcscence was uneventful. She wore an 
elastic hose for three months, ^fo residual edema developed. This patient could as 
equally have had a ligation of the superficial femoral rein helotu the profunda. 
Since she needed immobilhation because of the fracture, only anticoagulant therapy 
teas used. No emboli phenomena occurred in this .series of cases. 

Group 3 . — No plantar vein involvement is present, but there is ache, 
cramp, and tightness in calf muscles. There is spasm on dorsiflexion, 
and increased temperature over the affected calf, with increased oscilla- 
tions. The femoral vein is not tender; temperature and white count are 
normal. Emboli are frequenL- The process maj- ascend to the popliteal 
or femoral vein as in the first group, .■ 'ch it is less apt to produce 

emboli. This is the sjmdrome of.a--. .uscie thrombosis.’® It occurs 
more often in the older, immobili--ca group, but is frequently latent and 
unrecognized until embolism occurs.' 

Group 4 . — Pain and swelling in buttocks or in adductor muscles close 
to the inguinal fold occurs. Sciatic neuritis is present. Frequency of 
urination, mucous diarrhea, or slight suprapubic edema is observed. 
Palpable cords lateral to the prostate or to the uterus may confirm the 
diagnosis. An embolus is not infrequent as long as thrombosis is intra- 
pelvic; it is not so likely after extension to the external girdle. This is 
the syndrome of pelvic vein fhronibosis. 

There are, of course, combinations and transitions from one group to 
another. Generally speaking, the more latent and liland the thrombus 
is, the greater its embolizing possibility. In fact, the thrombus is most 
frequently evident after one pulmonary infarct has taken place. 

The role of infectious versus bland thi-ombi, as discussed by Aschoff,’® 
and Ochsner and De Bakey,’^ is not always easy to evaluate. A trau- 
matic or mildly infected thrombus might propagate as a bland, red, 
nonadherent clot, which breaks loose easilj’'. A bland phleobothrombosis 
might develop into an inflammatory periphlebitis when it ascends to the 
inguinal lymphatics, which often harbor infection. 

The amount of edema depends on the extent of blocked collaterals,’® 
on the extent of the periphlebitic lymphatic obstruction,’® and on vaso- 
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spiism.’- Those faotors JU'ocI special allcnlion M-hon pliiiiiiiop: li-en1nionl. 
They may all bo present in the same jialiont in varying proportions. 

METHons OK ti?i:atmi:nt 

1. Conservaiivc Trcaimatl . — For ecntui’ic.s, the .swollen inilk-lcg wsis 
immobilized and elevated, the patient bcisig kept in bed for an arbitrary 
four to six \vecks. The cdcmii may be mobilized by mercurial diui'olics”* 
although our recent studies M’ould indicate that sudden dchydi'ation 
nuiy lead to increased tendency to clotting, so that the use of diuretics 
has been abandoned (Table J), The patient must wear a stocking from 
toes to gi'oin for six to twelve months. That many patients have done, 
well under this management can be best illustrated by Ca.se 3. 

C.vSE 3. — H. J., a 30-year-ol(l womiui, itcvolopod a Icft-.xulod iliofcmor.al Ihrom- 
l) 0 .«is at home the twelfth day after childitirlh. Wliilc at tlio hospital .“he eoniplained 
of erarnping ixi the calf, which was di.sregarded. Wlieii .seen at home three 

weeks after delivery, there was a nias.sive swelling of the entire lower extremity. 
She was told to stay in bed for ten day.*: after the pulse had returned to normal 
and wear an elastic stocking for six months. !?alyrgan was prc.soribcd twice a week. 
At examination tliroo years later, no trace of edema and no varicosities were found. 

TiUtEE 1 


The Effect of Eapid DEtiYWiATiox ox IIki>auix Toi.kp.axce (A. W.) 


DATE 

CONTBOL 1 

COAOUIATIOX 
MIXUTr 
1 10 1 20 

TIME IXl 

1 30 • 

WEIGHT 

IX 

XD.S 

BEMAlUvS 

1/23 

3% 

5 

31/, 

31/0 

19^. , 

Digitalis, gr. 6, from 1/21 to 1/24 

1/25 


6 

31/, 

31/. 

188 

Digitalis, gr, ly., daily until 2/10 

1/26 

3% 

GVi 

0 

3y, 

186 

Jlercupurin, 1 c.c. 

1/27 

SVj 

4V> 

3% 

3% 

175 


1/28 

3% 

5 

3y, 

3y, 

168 

Lost 18 lb. of fluid in 2 day.s 

1/29 

3% 

41/, 

3y. 

sy. 

icoy. 


1/30 

3% 

4V, 

3% 

sy. 

1661/. 


2/ 1 

3 Vi 

3V> 

3% 

sy. 


Irrational 

2/ 2 

3V2 

sy. 

3y, 

3y, 


Mercupurin, 1 c.c. 

2/ 3 

3 

3 

3 


150 

Lost 11 lb. of fluid; irrational and 

2/ 4 

3 

0 

a 

*} 

u 


154 

incontinent 

2/ 6 

3 

o 

fj 

3 


148 


2/ 7 

3 

3 

3 


148 


2/ 8 

3 

3'45" 

3 


150 


2/ 9 

3 

3 

3 




2/10 

3 

3 

3 


156 

Digitalis stopped 


Criticism of the Method: The difficulty is that the residual edema 
and the possibility of embolism ai*e entirely left to chance. If the clot is 
not too extensive, the stvelling will be negligible, especially if elastic 
support is worn for a long time. Immobilization is long and the loss of 
time IS great. The danger of embolism, if the femoral segment is oc- 
cluded, is small, but the process may involve tlie other extremity in ap- 
proximately one-third of the eases. 

2. Anticoagulant Therapy.— It one lays stress on the danger of the 
propagation of tlie clot and the lack of fixation of the most recently 
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formed red thrombus, the use of anticoagulants seems indicated. Hep- 
arin is given at four-hour intervals in 50 mg. doses undiluted, intra- 
venously. While this will not maintain a steadily elevated coagulated 
time, it is simpler for the patient and its protective value is equally 
efficient. Simultaneously, oral administration of dicoumarol is started, 
300 mg. the first, and 200 mg. the second, day. Prothrombin levels must 
be determined daily (Pig. 6). The level must be kept between 60 and 
30 per cent of the normal prothrombin time and the dosage of dicoumarol 
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Fig. 6. — The routine treatment of iliofemoral thrombosis with anticoagulants. The 
administration of 5 c.c. of undiluted heparin given every four hours for the first two 
days is not shown in the graph. This patient arrived at the hospital two weeks after 
the cnr-pletion of a course of fever therapy for general paresis. His history' was 
typice if an ascending lower leg thrombosis. He received dicoumarol for six days 
and.wa. madei ambulatory on the eighth day, by which time the pain and edema 
had disappeared. One more dose of dicoumarol was given at the time when he was 
made ambulatory. 


must be adapted to the daily determinations. Heparin is discontinued 
usually after two days, when the action of dicoumarol has become mani- 
fest. Dicoumarol is used until the patient is ambulatorjq which may 
be as early as eight to ten daj^s, unless an infarct or some other com- 
plication prevents it. In some patients with recurrent thromboses, in 
polycythemia ivith multiple thromboses, or in recurrent embolizations 
from the heart to the peripheral arteries, dicoumarol has been given for 
many months, with control of the prothrombin level once a week. Wlien 
dicoumarol is suddenly stopped, a thrombosis may become manifest. 
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Griiicism of ilic Mcihotl: ]’ropap:alioii of llironiliosis or embolism has 
been said to Imve oceuri’cd durinpr or immediately after discontinnation 
of the anticogulant.”' With adequate dosage and slow tapering off with 
disconlimmtiou of the drug, we have not observed such phenomena. 
More objectionable is the difficulty of control and the danger of liemor- 
rbage in postoperative patients. 

Cask 4. — A. G., a 5e-ycar-ol(1 optomotrisl, lind liad fibrillations for many years. 
Two weeks before entranee to tlie ho.'.jiitiil lie stiiTered a cercbnil embolus. Ten days 
later a right femoral cmbolu.s oocurred wbieli wa.« not .•-een by us until three day.s 
later, when the lower log was obviously lost. It was amiiutulod just above the knee. 
Dicoumarol was promptly started with heparin. The prothrombin level.s are shown 
in Pig. 7. 



, .F J' — Prothrombin levels on A. G.. n -obi outo.nelrlst, with k» wn abril- 

lations for inanv years, wlio entered St. . • osjiitnl Starch 23, 1944, lecause of 

a right femoral embolism .suftered I'foi ly-ei; .'hours previously. A wee! previous 
to. this vascular accident ho liad a cerebral bolus producing considers hb difficulty 
with speech. On examination the light lowei extremity was obvlousi\^ rt. but It 
was packed in ice with the hope ‘of gaining some time for collntdKflC' (nculation. 
Dicoumarol was sbartod promptly with the customary schedule of 300. oand 100 
mg. for the first throe days. After six days of dicoumarol, the proti 7 l4'in level 
dropped to 17 per cent of normal and thi.s was all the more undesl’ , since a 
guillotine amputation of the riglit leg was performed under refrigeroH aPorr April 3. 
A huge hematoma formed in the stump. (1) Amputation: \,2) 5‘. mg. of vitamin 
A given intravenously April 5 and 7 raised the prothrombin level to 53 per cent of 

again to 28 per cent. Another 50 mg. of vitamin K and 

'♦S'™'’ ywo*! were given at (,?). At (4) it was necessary', to start digifolin, gr. 
i times a day intramuscularly. Dicoumarol had been stoppo I April 5. but 

of 200 mg. was given again, April 23. This patient was sensitive to 
' possibly because of a cardiac cirrhosis of the liver. The effect of vita- 
wqi temporary. Tlic effect of digitalis may have raised the prothrombin 

In never reached before. Owing to an error of the resident staff, and 

standing order, he received no dicoumarol on April 18 and Uiereafter, 

frnm level began to rise. He died of multiple pulmonary emboli 

^ hoart. This graph Indicates some of the difficulties encounter il. when 
administered. Both vitamin K and digitalis may have increased the 
mm-ol° ‘®"“®hoy, whereas the hepatic damage made the patient sensitivo to dicou- 


3. Paravertebral. Sympathetic Block . — Some of the symptoms follow- 
ing venous thrombosis are due to a spasm in the pei’ipheral vascular 
tree. This is especially evident when the iliofemoral segment is suddenly 
occluded and is surrounded hy a periphlebitie exudate. A paravertebral 
block of the lumbar sympathetics will relieve the pain and much of the 
edema and restore the arterial pulsations, which are frequently dimin- 
ished. They may even be absent and give rise to the diagnosis of ar- 
terial embolism. 

A ease in point is that of H. R. 
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Case 5. — E.. a 52-year-old man, entered St, LnkcV Hospital Deo. 1, 1943, witli 
an attack of nausea, vomiting, and abdominal distention. 

Past Historii . — In July, 1942, the patient had a myocardial infarct, since which 
time occasional anginal pain occurred. He had been taking unknown amounts of 
digitalis off and on, on his omi volition, until the time of entrance to the hospital. 

Diagnosis of acute posterior infarct was made and emergency treatment insti- 
tuted. He rapidly improved but twelve days after admi'-sion, after preliminary ab- 
dominal and left suprapubic cramping, the entire left lower extremity became 
cyanotic and pulseless. Pain was intense at the groin. Edema was marked only in 
the thigh. The adductoi- muscles were tender on pressure. 

Diagnosis of left iliofemoral thrombosis was made with reflex arterial spasm. 
Papaverine, gr. 1, by mouth did not relieve the pain. Paravertebral block resulted 
in restoration of color and arterial pulses. The foot of the bed was elevated on a 
chair. Heparin-dicoumarol treatment was started. Within twenty-four hours the 
circumference at the ankle was reduced by one inch and at the thigh by four inches. 
There was no rtifference between the two lower extremities. 

f 

C -rse . — Two weeks later the swelling in the thigh recurred; a hard inguinal 
lymph glana became palpable. A firm cord was felt left of the prostate, which 
'cas large and tender. X-ray was given to this area. The attack subsided and he 

s discharged with a rubber stocking after fifty-one days in the hospital. 

ollow-iip . — "hree ■f'>nT't.hs later ihere was c>.nsiderablc edema at the ankle. He 
■ >1 not worn the s ‘onsistently, but unquestionably the second, periphlebitic 

i' ik o the groin cor ^ rus permancr . edema. 

Cnticism of the a 1 . ^The method can be readily acquired witli 
-'’ttle practice and sect \ '-I-.' les=;. It will not protect the patient from 
an embolus,-“ nor can ' 'rotect' Jiim from residual edema if the extent 
of the thrombus is too ,, • at. "W .-'.ther it would localize a plantar vein or 
calf muscle thrombosis by releasing venjspasm proximal to the clot is 
not certain, but phlebograms have been reported demonstrating the 
release of venospasm following sjunpathetic block.-^ 

Synrpathetic block may be useful many yeai’s fo. lowing an ilio- 
femoral thrombosis. It is then capable of relieving a chronic causalgia- 
like pain with edema which originates in tlie periphlebitic reaction 
around the occluded vein. Stripping such a Amin has been useful,^- but 
one or two SAinpathetic blocks may be equally effectiA’e. 

The folloAving case is illustrathm. 

Case 6. — G. D. S., a 54-year-otd lawyer, developed cramping in the left calf follow- 
ing a bicycle ride in 1940. The pain and swelling ascended to the gi-oin and to the 
scrotnm. When seen two years later there was a diffuse swelling from midcalf to 
groin. FolloAving a paravertebral block Avith procaine and an adequate elastic 
stocking, the swelling of the thigh decreased inches. Six months later use of 
the stocking Avas discontinued. All pain and, edema disappeared. In 1943 he de- 
veloped a sudden pain in the gluteal region and along the sciatic nerve following the 
injection of a hemorrhoid done elsewhere. Tliis subsided in two AA-eeks and there Avas 
no recurrence of SAvelling during the last year. 

4. Proximal Vein Ligation. — ^Blany authors hat'e advocated the ex- 
traction of the clot or the proximal ligature of the vein to prevent 
embolism.^^ The method seems obviously indicated Avhen, after a pul- 
monary infarct, the site of thrombosis is recognized in one or both calves, 



DKTAKATS AND I'OWLKU : PROllUCJI OK THROMIlO-KAIIiOMSM IGH 


wlicn the thiprh is not swollen. hikI the femoral vein is not tender, itlneh 
less of an indication e.vists when the patient is .seen in a .sfa"c of fully 
devoloiied iliofemoral thromhosi.s, which is tender, adherent, aiid cannot, 
always he completely oxlracfod by .suction. Tn sueli a situation the o])- 
eration seems unnoce.ssary unle.ss one wishes to tic the common iliac, 
vein, a ]iroeodure still under discussion.’" 

Criikiftm of ihc }ff1}iO(l: jVrany femoral veins seem to be tied un- 
ncees-savily. The visualization of the dcei> veins of the lower les has been 
advocated for a localization of the thi-ombus,-^ but in my experience 
it re-sults in clear-cut information only when a clinical study is cfpially 
conclusive. Its re.sults are questionable in many instances; the dru" 
(35 per cent diodrast) may produce thrombosis in tortuous veins with 
retarded flow. The edema result ins from the lifiature is negli.trible if 
the femoral vein is ligated below the profunda and if the i/rofunca re- 
mains open. Some of our fir.st experiences with ligation of (he fen.oral 
vein indicated that thrombosis of the unobstructed collaterals may fo’ 
low aspiration and produce ma.ssive edema. Ligation. of the comim' 
femoral vein often loaves a huge edema. • .. i 

CASE 7, — A inuii, AV. B.. ontcrod ‘q. I’'r.anci.‘! Ho ' . j , ujluhiiiig of,^piK i 
cyanosi.s and dyspnea of tliirty liouri' duration. • cs prior to adnii.‘:,«ion 

hi.s left ankle .swelled and the ealf bccainc painful. .\’ 

Past Eislory . — Two ycar.s previously the pUjiyv , a pro.statcctomy followed 
by dyspnea. There was an attack of ph -risy on - ;..r ago. He was a. heavy 
drinker. '■ ” " 

On admission the entire left leg was wamV r than 'dii ri',ht. It was not swollen 
in the thigh but the Homans sign '-was po-itive. A bed;iide film showed increased 
density throughout both lungs with r.mltiple emboli. Aug. 0, 1040, the femoral vein 
was e.xposed at the groin. The vascular '•heath was edematous. Tlie artery was 
.separated from the vein with ditTiculty. The v(>in was thick, cdematoii.s, and dis- 
tended. The origi i of tlie profunda wa.s vi.suali/.ed and a braided silk ligiifuro was 
placed just distal to it. A second ligature was placed one inch below tlie first one. 
The vein was cut and both ends were transfixed. Proximal to tiie ligature tlie vein 
was nicked; a glass suction tip a.spirated a lot of .small clots until bleeding was free 
fiom above. The incision was closed with interrupted suture.s. Tlie profunda was 
aspirated and free blood obtained. Heparin could not be administered since it 
caused a severe reaction in the patient. 

Convalescence was uneventful. He was out of bed and walking about, but the 
left saphenous vein became red and tender. A dofjnite phlebitis developed. This 
resulted in a residual edema, when the patient was seen one year later. Three j-ears 
later there was a permanent moderate fibrosis and enlargement of the entire leg. 
He has to wear a stocking continuously. 

Case 8. E. Iv., a woman 47 years old, had been under medical care for the past 
ten years for renal glycosuria, amenorrhea, repeated ankle strain, and five attacks 
of calf muscle thrombosis. There were several attacks of dizziness and choking with 
fever in her history. The perforating veins were incompetent below the knee. June 
12, 1943, the femoral vein was exposed below the profunda. It was thickened, but 
empty, and was transected. Pour months later, this leg was more cyanotic but not 
any more swollen than prior to the ligature. Eleven months later an acute phlebitis 
del eloped on the side of the femoral ligation. There were hard lumps in the pre- 
viously incompetent perforators in the calf. Swelling and pain were considerable. 
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Elastic support and one week’s course with GO gr. of sulfadiazine helped to calm the 
process. “Wliile this patient was now protected from emboli, the attacks of phlebitis 
continued. K'otc also that the emboli occurred from a sceminglj- infectious, irritative 
tj'pe of clot. 

Boentgeii-rjty Therapy:^ Since animal experiments convinced us that 
the absorption of thrombophlebitic edema may be hastened by x-ray 
therapy,'^ this form of treatment has been consistently used since 1933 
ill selected cases. While tve have no laiowledge of the effect of roent- 
gen rays on the organization of the thrombus, the effect on the peri- 
phlebitic exudate and on the concomitant lymphangiitis and lympliad- 
enitis is unmistakable. This effect is veil demonstrable in cases of 
superficial periphlebitis and lymphangiitis, where one or two treat- 
ments visibly and palpably decrease the red, edematous streaks of 
inflammatory exudate. The dosage and the liming of repeated doses 
are important. If, in acute phlebitis, a dose of 200 r. units is given, a 
serious general reaction may occur Avith chills, fever, and a temporary 
bacteriemia. Such a dose uill be occasionally administered by an over- 
zealous x-ray resident and is definitely inadvisable. 

The surgeon should follow the results of roentgen therapy and not 
order another dose until the response to the fii’st dose has subsided. One 
of us reported that a 30 to 40 per cent erythema dose of roentgen ray 
(125-135 r. units) with heaAW’- filtration will produce a rise in tempera- 
ture over the affected veins, Avhieh is markedly exaggei'ated compared 
with the response of a noimal area.-® If such doses are given repeatedl}’ 
an exacerbation of phlebitis may result. 

A surprisingly large number of patients have been seen who have gone 
through an active stage of deep venoiis thromlmsis of the lower leg Avith 
or AAdthout embolization and Avith or Avithout proximal ligation of, the 
deep vein. A residiial, latent infection may remain, Avith intermittent 
aching during changes in Aveather, slight local rises in skin temperature, 
and intermittent edema. A few small doses of roentgen-ray treatment 
are beneficial in this group, together Avith adequate elastic support. 
Case 9 is an example of this. 

Case 9. — Dr. H. D. had repeated attacks of pleurisy, until after the third one 
a deep thrombophlebitis in the left calf was discovered. He was treated by glycerin- 
gelatin casts. The thrombosis had reached the iliofemoral segment and was obviously 
of many months’ duration. For four to five days at a time this leg would ache, 
swell more. There Avere persistently increased temperature and higher oscillometric 
readings over the affected limb. Three doses of roentgen-ray treatment consisting of 
80 r. units with 2 mm. aluminum and % mm. copper filter, given at one-Aveek inter- 
vals, have effectively relieved the ache and some of the edema. 

RESULTS OF TKEATJIENT 

’Conservative Therapy . — No figures are available since many hundreds 
of patients haA’e been treated with conservative therapy. The residual 

•The majority of these patients Avere treated hy Dr. E. D. Jenkinson of St. Luke’s 
Hospital. Thanks are also due to Dr. James B. Case, Dr. E. D. Barth. Dr. Gentz 
Perr}’, and Dr. Alfred C. Ledoux for their cooperation. 
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edema and tlie long period oC disability, however, are marked, and an 
effort should be made for a more intensive type of therapy. 

Antkoagulani Therapy. — All that can be said for the .sixty-eight pa- 
tients treated thus far i.s that not one of them developed an extension 
of the clot or an embolns. while they were receiving the drug.* Tlirce 
patients bad to have repeated courses of dieoumarol months apart since 
the original site of the clot became active again. One patient who had 
a femoral vein ligation and was kc}->t on dieoumarol for ten days, when 
allowed to get up without further dieoumarol therajiy, developed a 
thrombosis of the deep veins in the opposite leix. Tiie superficial femoral 
vein was promptly tied on the .second .side. Ko edema developed. She 
was kept under diconmai'ol for one montii. Three patients arc under 
continuous dicoumai’ol treatment, taking 300 mg. a week, but how long 
this can be kept up without any damage is not known. One of these has 
recurrent attacks of retinal vein tlu'ombosis. Another, with rheumatic 
heart disease witli multiple emboli to brain and cxtremitic.s, controls 
her dosage with capillary coagulation times. The dosage has now been 
so regulated that she takes 300 mg. whenever the coagulation time re- 
turns to two minutes. A third patient takes 100 mg. five days of a week; 
this is far too much for the average patient, but her polycythemia makes 
her unusually resistant to dieoumarol. 

Paravertebral Bloclc . — ^We have used this paravertebral block occa- 
sionally since the report of Lcricbe, and more extensively since the re- 
ports of Oehsner and De Bakey.'- If the block is done early in the 
painful iliofemoral type (Group 3) it may hasten convalescence and dis- 
appearance of edema. However, with papaverine, heat to the abdomen, 
and high (eight to ten inch) elevation of the foot of the bed, our re- 
sults are not much inferior to that obtained by paravertebral s.tTnpa- 
thetic block. ^\’'e now limit the use of the method to patients whose 
arteries are in noticeable vessel spasm, whose toes are cold and blue, 
and who suffer great pain. Most patients, however, exhibit warm toes, 
large oscillations, and other evidence of inflammatoxy liyperemia. The 
results of paravertebral block in the late edemas, with neux’itie pains ag- 
gravated by weather changes, are often striking. One or two injections 
combined with elastic support have I’elieved patients fi’om long-drami- 
out discomfort. Seventy-eight patients in a gx’oup have been injected 
for thrombophlebitis, but the method is used far less frequenth' than 
formerly. 

Ligation of the Femoral Vein . — After trjdng this method in dif- 
ferent types and different stages of thrombosis, the following indications 
have crystallized in our hands. (1) When the patient has had an in- 
farct, wholly unexpected, the soui'ce of it is carefully investigated. If 


♦This statement requires modification since -we have started the use of vitamin K 
to restore excessively low prothrombin levels. In two patients who showed unusual 
sensitivity to dieoumarol in that their prothrombin level quicklr dropped to below 30 
per cent or normal, the intravenous administration of vitamin K in 50 mir. doses re- 
accident, which seemed to coincide with the administration 
of the Vitamin. Further observations are obviously needed. 
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it. is found to be in the calf muscles of the lep, the femoral vein is 
promptly tied beloAv tbe profunda. (2) 'Wbon tbe patient develops a 
i-eeognizable calf muscle thromlnis, u-hich has been ])rcscnl for le.ss than 
one week and the patient is immobilized for some other reason, the 
femoral vein is tied. Often a floating tlirombus will bo found in the com- 
mon femoral vein.’*’ *" 

When, however, the patient is seen with a tender, swollen thigh or 
groin, the clot is not aspirated nor is the vein ligated above the pro- 
funda. Also, if the thrombus is below the knee but tlic patient has 
been ambulatory for more than one week without any extension to the 
thigh, the vein is not tied, 

A total of thirty-nine femoral vein ligations have been done since 
1940.^ Some of these in the light of our present experience were en- 
tirelj' unnecessary. One of the greatest difficulties is the estimation of 
the age of tlie clot at the level of exposui-e. Tlie clot is usually much 
older than one imagines. When it firmly adheres to tbe wall its aspira- 
tion from the proximal segment is difficult and leaves mural thrombi; 
furthermore, it has lost its embolizing property. AVhen the clot is re- 
cent, friable, and nonadlierent, its presence is not manifested by ]min 
or edema in the thigh. We agree with Bailor'-” that these are the most 
dangerous clots and the ones that need ligature. 


TABI.E II 

Division* of thk Femorai. Vein 
(1910 TO 1941) 



NUMBER OF 

RECURRENT 

PERMANENT 

SITE or umsioN 

CASES 

rni.EBITIS 

EDEMA 

Superficial femoral 

15 

2 

o 

Common femoral 

10 


10 


All patients leceivod anticoapulants in the immediate postoperative peiiod. Theie 
was no pulnionarj" embolism. All patients wore clastic hose to the groin on discharge 


Ligation of the femoral vein above the profunda invai..>bly results 
in considerable edema (Table II). We have not tried the ligature of the 
common iliac, but this should result in less circulatory embarrassment 
than when tbe common femoral is tied.’* Nor has the vena cava been 
ligated in this series.t 

The attitude of our group toward plilebograms has always been rather 
pessimistic. The information derived is often not in keeping with its 
hazards and inconveniences. Wc do use it if a topical diagnosis of 
venous occlusion is not possible. Circulation times from ankle to tongue 
are helpful. 

•Twenty-five patients were re-examined from six months to three years oUer 
operation. 

tSince this article was submitted for publication, the impoitant contribution of 
Homans has appealed on the ligation of the common iliac vein or the vena cava loi 
the bland ascending thrombosis. It is our feeling that the floating. nonobstrucin« 
clot at the iliofemoral segment is verj” ’ " »reoperatively from 

obstructive clot with well-established coUe ' therapy has been o 

method of choice m such cases Recentlj' ommon iliac ^eln 

done by Dr. J. T. Rej nolds at St. Luke's 
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X-ratf Trrcdmrnf . — Tliis type of trcaiincnt was "iron a Irial in super- 
ficial phlebitis of varicose veins, in llic iliofeinoral Ihroinlioscs with 
lymphadcnnpatliy, in Die inigratinj: type of superficial phlebitis, and 
in the cbronic latent deep phlebitis witli exacerbations. The Ireatinent 
is obviously directed afrainsl the periphlcbitie infiltration and exudation. 
Naturally it will be least cn’eetivc in the type of lesion winch is activated 
by reinfection or allergic proce.sse.s. In tbe migrating tyiio of phlebitis 
seen in Buerger's disease, the response has not been satisfaclon'. The 
total number of cases on record is 74. Of tlic.se the diagno.sis was vari- 
cose phlebitis in 35, migrating phlebitis in 10, iliofemoral thrombophlebi- 
tis in 26, and cbronic latent ])lilebilis of the lower leg in 3 patients. 
iMany of these cases would be treated today by a short intensive therapy 
with sulfanilamide. Penicillin in moderate doses, 15.000 units intra- 
museularl.v every four hours for five days, has given surprising results 
in three cases of migratory phlebitis; this type of treatment, however, 
has only been started and further experience is necc.s.sary to cstimato 
•its value. 

punjioxAKy KJinoLi.SM 

Again there is no need to diseu.ss in detail the cla.ssical jiieture of the 
massive ])ulmonary embolus, which obstructs the main artery or its two 
branches simultaneomsly and which kills the patient in less than ten 
minutes. But as pointed out previously, only 8.3 per cent of patients 
die in le.ss than ten minutes, and 33 per cent die in less than one hour. 
Approximately 60 per cent of the patients with fatal emboli live from 
one hour to several days.-' Those figures only refer to the fatal emboli, 
but it is sufficiently known that only about one-fiftli to one-fourth of 
these emboli are fatal at the first insult.” 

T.\bi,e III 

PULMOXARY EMBOUSJt 

KECOGXITIOX 

Sudden, onset of shock \vith rapid weak pulse, restlessness, difficult, rapid breathing, 
sweating and pallor, pain in chest, fainting, collapse, or unconsciousness. Apt 
to be in a patient who has phlebitis, is convalescing from an operation or de- 
livery, or is a knomi cardiac. 


. ESIERGENrY TREATMENT 

By Nitrse 

1. Place in semisitting position. 

q' ®tyrt oxygen by catheter or mask immediately. Tanks are on each floor. 
. atropine sulfate, hypodermically, immediateh-. 

4. Call intern. 

By Intern 


1. Give a second dose of to gr. atropine sulfate intravenously (if preiuous 
injection of atropine has not caused flushing of face and dilation of pupil). 

A ^ any case give gr. papaverine hydrochloride intravenously. 
d. Uepeat atropine and papaverine three or four times a day. 

4. Order portable chest film and electrocardiogram. 


Hoiphine, adrenalin, or digitalis may aggravate the condition. 

I'S Useful even if patient Is suffering from some other condition such 

as coionarj occlusion or a cerebral vascular accident. 
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These figures mean t])al. tJiere is sufficient time to treat the majox’ity 
of these patients, first of ail for the episode itself, and second for the 
pi'cvention of a second or third infarct •which might become increasingly 
dangerous. The recognition of tlie eax-lj* sigxjs and synnptoms has been 
stres.sed to the nursing staff. A .small set of instructions is posted on 
each floor, since it has been our experience that in large ho.spitals much 
important lime is lost until the inlei-n arrives (Table III). 



FiR. S. — The i-acli.ation of autonomic reaexos in pulmonary embolism. The af- 
ferent impulses travel mainly in the vaRU.s and radiate back to the lung- ns broncho- 
con-strictor and broncho.secretory flbers. They produce vagal inliibltion of the lieart 
and depress blood pressure. They can cause pylorospa.sm and intestinal colics, pro- 
ducing severe abdominal pain. (From SunoEUT 0:330, 1933.) 

The rationale of this emergency treatment is based on the assumption 
that embolism Itills not only because of aspln^-ia, failure of the right 
heart, or insufficient venous return to the left heart. True enough, these 
conditions prevail when the main pulmonary arteiy or both right and 
left branches are simultaneously obstructed. However, we liave shovni 
post-mortem records to indicate that patients may die from a small 
embolus ofastimcting an insignificant area of the lung.=’ But also, on the 
basis of animal experiments, we have concluded that a widespread radia- 
tion of autonomic reflexes occurs during embolism, which affects the 
heart, the pulmonary vascular tree, the broncJii, and the gastrointestinal 
tract'’® (Fig. 8). These reflexes are predominantly vagal and produce 
spasm of smooth muscle ; thus the use of atropine and papaverine seems 
indicated. Morphine and digitalis both sensitize the vagus and may thus 
facilitate such reflexes. Epinephrine, frequently employed in acute 
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hypotension, may lead to ]nilnu'nary edema in the ])rcsenec of an in- 
creased pressure in the pulmonary artery whieli exists in cases of pul- 
monary embolism. These drugs have been tried in the animal exjicri- 
ment and have been shown to have deleterious action. 

These emergency measuro.s have been in use at St. Luke's Hospital 
for over four years. Of the forty-five jmtient.s on whom wc have ade- 
quate records, thirty-five were I'olieved of their symidoms and did not 
die of that attack. Ten patients died Avith six antopsies. These au- 
topsies showed massive arterial obstructions with coils of clots in the 
right ventricle ; obviously this type of treatment could not hel]). 



Figr. 9.— Pleural effusion following typical pulmonary embolism followed by Uio- 
lenioral thrombosis. The embolus occurred ten days after cholecystectomy. The left 
root ana lower leg were slightly warmer Repeated pleuritic effusions are not m- 
rrequenOy seen, being due to multiple emboli. 

Attention should be called to the syndrome of the slowlj^ fatal pul- 
monary embolism, when death finally occurs from right heart failure 
manj'- hours or several days after the initial attack. If pulmonary em- 
boleetomy is to be done at all, in such a ease a trial would be Avorth while, 
as Pileher suggested.^® 

The x-ray diagnosis of pulmonary emboli is v&rj disappointing. The 
Avedge-shaped infarct is the great exception.^® It should be remembered 
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These figures mean that tljcre is sufficient time to treat the majority 
of these patients, first of all for the episode itself, and second for the 
prevention of a second or third infarct which migiit become increasingly 
dangerous. The recognition of the earl.v signs and symptoms has been 
stressed to the nursing staff. A small set of instructions is posted on 
each floor, since it has been our experience that in large hospitals much 
important time is lost until the intern arrives (Table III). 



FIr. S. — The radiation ot autonomic reflexes in pulmonary embolism. The af- 
ferent Impulses travel mainly in tiie vagus and radiate back to the lung ns broncho- 
constrictor and bronchosecretory fibers. They produce vagal inhibition of the heart 
and depress blood pressure. They can cause pylorospasm and intestinal colics, pro- 
ducing severe abdominal pain. (From Stogebt C:339, 1939.) 

The rationale of this emergency treatment is based on the assumption 
that embolism kills not only because of asphyxia, failure of the right 
heart, or insufficient venous return to the left heai’t. True enough, these 
conditions prevail when the main pulmonary artery or both right and 
left branches are simultaneously obstracted. However, we have shoivn 
post-mortem records to indicate that patients may die from a small 
embolus obstructing an insignificant area of the lung.^^ But also, on the 
basis of animal experiments, we have concluded that a widespread radia- 
tion of autonomic reflexes occurs during embolism, which affects the 
heart, the pulmonary vascular tree, the bronchi, and the gastrointestinal 
tract^® (Pig. 8). These reflexes are predominantly vagal and produce 
spasm of smooth muscle ; thus the use of atropine and papavei’ine seems 
indicated. Moi’phine and digitalis both sensitize the vagus and may thus 
facilitate such reflexes. Epinephrine, frequently employed in acute 
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hypotension, may lead to pulniomiry edema in the presenee of an in- 
creased pressure in the pulmonary artery wjiieh exists in eases of pul- 
monary embolism. These drugs have been tried in the animal experi- 
ment and have been shown to have deleterious action. 

These emergency measures have been in use at St. Luke's Hospital 
for over four ycar.s. Of the forty-five patient.s on whom we have ade- 
quate records, thirty-five were relieved of their symptmns and did not 
die of that attack. Ten jiatients died with .six autopsies. These au- 
topsies showed massive arterial obsirnetions with coils of clots in the 
right ventricle; obviously this type of treatment could not heljn 



effusion followingr typical pulmonary embolism followed by Ilio- 
embolus occurred ten days after cholecystectomy. The left 
were slightly wanner Kepeated pleurStio effusions are not In- 
rreouently seen, being due to multiple emboli. 


Attention should be called to the syndrome of the slowly fatal pul- 
monaiy embolism, when death finally occurs from right heart failure 
many hours or several days after the initial attack. If pulmonary em- 
bolectomy is to be done at all, in such a case a trial would be worth while, 
as Pilcher suggested.^® 

The x-ray diagnosis of pulmonary emboli is very disappointing. The 
wedge-shaped infarct is the great exception.®® It should be remembered 
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Fig. 10. — Multiple .pulmonary emboli lollowing a punch ‘■.rrti.?tatectomy, vei’ined 
by autopsy. This patient wa.s .suspected o£ liaving multiple pulmonary metustase.s 
of carcinoma wJhen he s\iddenly died from an cn^bolus. 
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Fig”. 11- — Atelectasis of the left lower lobe ten days after a hernia opeiation. 
a previous communication^^^ we stressed the mechanism of reflex pul^iionaiy ateiec 
tasis following emboU or chest trauma. 
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lliat not! nil cmlmli jnoducc Ii> inorihn'iif 'Mf.n.ls. nnon! nicns iiiny he 
li‘anj>lo>-l 'it areas of atelectasis )>• (•n.]'! • n... i i.n i i vi ihle, >]< pt'udinii 

on the Utenl of broiieliial olistrueiu-' l'> i.-iiic v ftO'i'OK-; n'i'x. 9), 

emboli! j ‘ Jecl.ises (Fiir. 101, ami emb li. pneoinonias ^Pi'a iJ) may 
so mjisk'ibe oriyiii of tlu- Jes'on Ibal Ibe viin*- ol lb'' embolus is not 
Viobecl ll . Following the .survival of t'-f IbsL < nibolie opisodc the pii- 
mar.v mI m ouphl to bo climiiiatc'! it jio'.siblc lii ease of a llnombn^ 

la the ]! 'Uiar or <.\lf muscle vein.s, the l.i;titim( oi t. u.perfi<ial femoial 

\ciii ^^.ais indivali'tl AVe are mo-ou^iikod. as s<,i <u picvioiklj, that 
the .J 'r.’lio ot 'he eO!nm''in umorai vcm, in the pros i.(‘' of au ilio- 

I'e pt/' I ti .u n‘"'^ is ue!C''''niy. If the viol had been I'.tily loose it 

MoP I not be ti I any inoie; if it is oiyani/iim, t!ic ojieration is un- 

ut/ vai\- the cior may lefuim after a eompkte eleaning out Ox the 

il oiVmoial .sin'iii'))' ii anticoagulant ihmapy i' inaJiunale. 


I 



ipig ll — Dxiii 1 TIP Sint on I rliionic r ciircnt thronibophJcbiUo nicer Isote 
* 1 •small area oi n> • losi*? in tlie center of the graft, which came on tno jeara aitei 
t' 'iiiit Aftei Uio t,<latin-g-!j< erin cast., the small defect nadily liealed 


t r ^ 

rf|the primary source is in flie pehis or the right side of the heart, 
onh antieoagnlants can be of any use These may uicieaso hemojitysis 
or ti e pleural effusion but not to an alarming degree. In thirty-one pa- 
tients receiving adequate hepai in-dicoumarol theiapy*' m the presence 
of pn infaieted lung, there has been no detectable luevcase in the size 
of)t le infarct. 

I'p the coutraiy,)we believe ne have recognized, in conjunction with 
ow lU'dieal consultant. Dr. G-. K. Fenn, cases of pulmonaiy mfaiction 

Miequatp thenpv wc mean the e*:tahlishment of < piothromhvn U\g 1 het-ncen 
3f tTui fift iKi oent of nor,nal %\lJich is jealousU from getting higher oi Un\er 
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T he problem of \'enons thrombosis and its most serious complica- 
tion, pulmonary embolism, rightly commands the continued interest 
of all physicians. 

Although incorjiorated in llie wealth of publications of past years, 
^certain funaamcntal and now well-authenticated facts concerning venous 
thrombosis and embolism are much in need of rcite cation and emphasis. 
Textboote in all of the specialties of medicine hav-' almost universally 
chosen repeat shopworn phrases, .many of which are no longer in 
keer^'i'g^witli ncAver and well-documented information. For example 
an venous thrombosis is still commonly referred to as ‘■Ihrombophlebi-, 
tis.” Yet,* 'as Ochsner and DeBakey' hrtve pointed out, the ratioml 
consideration of the mechanism and prognosis of venous 'intravascular 
clotting demands that it be divided into two Dqies: (1) phlebothrombc- 
sis, defined as venous occlusion unassociated with inflammation, the clot 
being loosely attached to the vein Avail and (2) thrombophlebJis, elnl- 
ting associated Avith and dependent upon inflam’ nation of the A’ein Avail, 
Avith the result that such clots are usually firmly attached. We fully 
agree fliMt or.''-*’ ^ distinction is basic and fundamental. There is, more 
OA’er, a Avoeful lack of appreciation as to Avhieh veins serve as the com- 
monest sources of thrombotic emboli — a Autal feature of the jiroblem 
from the point of vicAv of prevention and treatment. It is still gen- 
erally assumed that pulmonary emboli usually arise from clots ir the 
femoral or the pelvic veins or from the right side of the heart, disre- 
garding the now am 3 i]p data to the contrary. Still another long and 
fondly held fallacy is that only -the surgical patient is in danger of sus- 
taining a pulmonary embolus. Again published figures are disregarded, 
for it is a fact that patients suffering from medical diseases are fully 
as susceptible and just as frequently die from pulmonary embolisun. 
Finally, there has been great neglect of the adage that '“an ounce of 
prevention is worth a pound of cure” AAuth respect to phlebothrombisis 
and pulmonary embolism. The literature has been, and still is, clut- 
tered by papers dealing Avith methods of diagnosis, refinements and 
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moclifientioiis of iliose procodurc.s, and sufiircsled moans of (I'oafincnl, 
all assuming that M’illy-nilly, Ihromliosis will lako plaoo and tliat “olos- 
ing the barn door affor llic bor.sc is onl” is llio dcsiralilo tiling. Tl is 
Iruo liiat some writci's mention po.ssiblo moans of iirovonting tliromliosis 
but unfortunately they propose motbods not easily carried out, or bury 
the pa agrapb on ])rovention so deeply and inconsin'ouously in a maze 
of discu.s.sion that the ca.sual or inoxporionood reader fails to grasp its 
significance. 

After .several years of experionee it has become our conviction that 
the only real hope of Ic.sscning the toll of deatlis from pulmonary embo- 
lism lies in. the ivide.spread accept anee of the newer and well-provrd 
facts as to the causes, the nature, and 'ibe anatomic location of most in- 
stances of venous thrombosis. Pro:re.ss cannot ; ud will not be made 
umil this is accomplished. 

REVirW OF Fian'IM'KT lATKnATUKi; 

Lack of recognition that the deep veins of the leg are tiic mnet Ire- 
quent site of thrombosis and the most prolific source of both fatal anu 
nonfntal pulmonary embolism long rciiiained unknown for two reasons : 
(1) symptoms I'ofeiablc to such tbrombo.ses arc likely to be absent or .so 
.slight that they i... ovclookccl clndcall.v and (2) restrictions nec- 
lop'jy dissection the extremities. 

. Prykhohn- ercdil • Dciccke." '1929, and Olon,-* 1930, wMh proving 
that the earli-.vL iinii'al .symptoms of thrombosis of ilic lower extremities 
appear inMie soie t" the foot Aind in llie calf, .suggesting tbnt .these are 
the initial ,„ats of clot foi'V 'Hdii, As early as 1934, Homans’ in this 
coiu.’rjq supportcsl by clinical nml pathologicc-anatomic observations, 
em'pliasizcii the great importance of llic '•''ins of the calf as areas of 
origin of istcnding tbiWbi. 

Veiy possibly because. of lesser roslrictions on the extent of dissec- 
tions, tl e &nt extonsii’c. examinations of leg veins were done in Ger- 
many. Thus,\n6ssle’ in 1937 pulilisbed observations based on 324 post- 
mortems in pAsons over 20 years of age. Of these, S8 (27.1 per cent) 
hartpored throiyii in the veins of the calf. Concomitant thrombosis 
of the femoral Vin ivas found 38 times. In only 7 instances did Rossle 
find thrombosisW the femoral or ]iy]mgastric veins in the absence of 
thrombosed leg veins. It was his opinion that althongli emboli originat- 
ing from the leg Veins are rarely fatal, tliey are nevertheless significant 
because it is from thrombi here, propagating into the femoral veins, 
that massive embol spring. Even so, in carefully dissected prepara- 
tions he discovered 3 instances of pulmonary embolism accountable for 
only on the basis of m origin from the calf veins. 

Equally interestijio- is Neumann’s' report on a series of 165 consecu- 
tive autopsies in A|iich the venous system was widely and thoroughly 
searcluc for thromR Avith particular attention to the veins of the lorver 


180 


SURGERY 


extremities. In the 100 subjects exhibiting thx’ombosis of the legs, the 
localization was: plantar region, 71 per cent; internal malleolar region, 
17 per cent; leg, 87 per cent; thigh, 22 per cent. Tlie calf veins were 
much more often affected alone (29 per cent) than were the plantar 
veins alone (12 per cent). Neumann postulated two clinical tj-pes of 
tlu’ombosis, based on the site of origin: (1) a benign x-arietj-, starting 
in the veins of the legs and characterized by slow progression of the 
elots, increasing in frequenc}’’ with age and having a tendency toward 
multiple but nonfatal emboli; and (2) a maligxiant form, centered in 
the plantar region and typified by rapidly progressing thrombosis, oc- 
curring in younger people, not rising iji frequene}^ with age and tending 
toward fulminating, fatal embolism of the lungs. He expressed the 
belief that the source for both types is a thrombus that has progressed 
into the veins of the thigli. Of his subjects with thrombosis of the lower 
exti-emities, 11.8 per cent had fulminating fatal pulmonary embolism, 
and of these more than 80 per cent had clots in the veins of the feet 
and calves. If one includes the cases of nonfatal multiple emboli, the 
lower extremities account for 52.8 per cent of the clots lodging in the 
lungs. 

Putzer® investigated 370 bodies for thrombi in the lower leg and ob- 
served calf vein involvement in 100 of these (27 per cent). The right 
side was affected slightly more often than the loft, but in nearly all in- 
stances the process was bilateral. There were 47 men and 03 women, 86 
per cent of whom were between 40 and 80 years of ago. All but three 
were classified as medical rather than surgical. - 
A veiy thorough study of thrombosis of tlie pelvic and leg veins was 
published by Piyhlxolm- in 1940. The following list gives the locations 
and niunber of instances in which he found clots : iliac, 2 ; lij-pogastric, 
3; %'iseeral peMc, 5; femoral ('above pi-ofunda), 4; deep femoral, 9; ad- 
ductor muscle, 16; femoral (below profunda), 5; popliteal, 23; calf 
muscle, 39 ; anterior tibial, 0; posterior tibial and peroneal, 25; malleolar 
and plantar, 2. With negative results he also searched the veins of the 
gluteal region and the extensor muscvilature of the thigh. There were 
24 examples of pulmonary embolism but Fiyldiolm fails to state which 
of the many sources he believed to be responsible for tie embolus. Al- 
ways, he observed, progi-ession of the thrombotic process was in the di- 
rection of normal venous flow. 

Two of us (W. C. H. and V. D. S.), with the collaboration of Robert- 
son and Snyder,® routinely removed the calf muscles in an unselected 
group of 351 autopsies. Later we had the opporumity of testing the 
vaKdity of our conviction that the most important etiologie factor in 
phlebothrombosis of the lower extremities is simply confinement to bed 
for any reason whatsoever for more than a brief oeriod. In order to 
obtain adequate control clinically, this study was linited to one ho.spital 
(Jlultnomah County) and was continued until lie total number of 
again unseleeted autopsies reached 200, the same number investigated 
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llie lirsl lime.'’ Onr second .study wns e.Nlonded 1o include dissoclion 
o£ the femoral veins and those of the adductor muscles, .shown b.v 
Frykholm" to he almo.sl a.s frequenth' occluded as llie ma.ior vcin.s. We 
arc now in a position to comjiarc results with ju’cvious investigators, save 
for the plantar veins. 

On the basis of the findings in the Hb] case.s, publi.shcd in 1941, * we 
came to the following conclusions: 

1. Thrombosis of the deej) veins of the leg is appallingly frequent 
among middle-aged and older persons forced to bed for varying periods 
of time, the incidence of thromliosis being .b2.7 per cent. 

2. Bilateral involvement was found 110 times and unilateral, 75 times. 
The right side alone was afTccted a little more often than Avas the left. 
Thrombi formed in the A'cins accompanying the larger arteries far more 
frequently than in other veins and were present, in the solcus muscle 
more often than in the gastrocnemius. 

3. Fatal pulmonaiy embolism Avas rc.sponsible for 3.13 per cent of all 
deaths; in 45.4 per cent of the eases of death from such embolism the 
most probable source was thrombosed leg veins. There is good au- 
thority for the belief that although fulminating emboli often -.sjAring 
from the femoral A'cssels, thrombosis here rejAresents an extension from 
older clots in-thcjlcgs and feet. From the standpoint of prophylaxis 
and treatment, recognition of this is most important. 

4. Lesser emboli frequentlj’- originate from the veins of the calf. 
Showers o-f these, even though of small diameter, may consist of long 
clots, which, by budding or coiling, are capable of occluding even the 
major pulmonary arteries. Eepcated embolic episodes arc more fre- 
quent thai^ a single massive attack. Multiple small fragments can also 
do harm, bv placing an added burden on an already embarrassed circu- 
latory systeiu. 

5. In this series there Avas little difference in the incidence of thrombo- 
sis between medical (53.2 per cent) and surgical (46.9 per cent) pa- 
tients or betAAteen men (52.2 per cent) and AAmmen (53.5 per cent). 

6. Phlebitis, Wither as a cause or as a complication of thrombosis, had 
a minor role inWr eases ( 8.1 per cent) . 

7. As a rule, 'Dhlebothrombosis of the deep veins of the leg is clinically 
silent and for mis reason is liltely to he forgotten until embolic phe- 
nomena appear, \ 

S. We are of ihe opinion that the greatest single factor favoring 
thrombvAs formation in the loAver extremity is sudden confinement to bed 
of a previously amlulatory older person AAuthout the benefit of exercise 
or the aid of graviw in the maintenance of an efficient venous circula- 
tion. 

9. Planned and lupervised voluntary movement and the elimination 
of too much comfoi ; for the legs should do much to reduce the incidence 
of thrombosis and ts all too frequent sequel, pulmonary embolism. 
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PRESENT STUDY 

As previously stated, our purposes were: (1) 1o compare two series 
of equal size from the same hospital, (2) to determine the incidence of 
thrombosis of the femoral and adductor veins, and (o) to learn, if pos- 
sible, the effects of exercise on thrombus fonnation. 

At the outset it was recognized that the number of individuals who 
could safely be exercised might be limited. Previous experience’ had 
shown that on occasion phlebothrombosis may occur witliin two days 
after beginning recumbency. For this reason, in order to be perfectly 
safe, all per-sons not known to have been ambulatory as recently as 
forty-eight hoiu’s before admission Averc excluded. Then, too, as is 
common iiA charity institutions, many suffered from senility, debility, 
serious cardiac disease, and other states, .so that they could not or AA'Oxild 
not moA'e Amluntarily, and this, along Avith a shortage of nui’ses, made it 
impractical to attempt to institute passive movemeiit or ma.ssage. So 
that our eft'orts AA'ould not be too disseminated, it Avas decided to con- 
centrate on one department, medicine, leaving to individual Avi.shes and 
initiative AA’hether exercise Avould be ordered in other departments. 
Thtis, the number of suitable subjects Avas certain to be small, 

Ij'isted here are the post-mortem findings in the 169 instances tli.-Jt 
proved suitable for comparison of the possible effects of exercise, or the 
lack of it. 

Group I 

la hospital forty-eight hours or oAvr (exercised, or ambulatory up to forty-eight 
hours before death) 

Without leg A’ein thrombosis 

Medical service 27 

Surgical serWee 5 

With thrombosis of leg veins 

Medical service 3 

Surgical service 2 

Total 

Per cent exhibiting thrombosis 

Group II 

In hospital forty eight or moie hour.s (not excrci.'-ed) and nonambulatoiy before 


death 

AVithout leg vein tlnombosis - 
Medical service 

Surgical service 

40 

1.1 

61 

With thrombosis of leg veins 



Medical service 

Surgical service 

42 

27 

69 

Total 


130 

Per cent of nonexercised, nonambulatory 
patients Avith thrombosis 


53.07 



3.0 

17.9 
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Exact comparison is, oil course, iiniiossiblc owini’: to llic inequalily of 
lumbers in tlic two ji:roups. Uuforlunalcly loo, (lie miinlicr of exer- 
nsed persons is small, but, in so far as it is pci'inissible to make afiy 
italements, the incidence of ]ihlebotbroml)osis is 35.17 per cent less 
unong those who were exercised. 

All pertinent figures and percentages gleaned from tlie two studies 
have been listed in parallel columns in Table I. 

Taiiu: I 

CoMPAR.vTivK Data or Ci;rtaix VAsetmAU Patiioi.ooy, Sn.v. Acs, axd Skrvkt; 
CijAS.siric.\Tiox or Two Skrier or 200 ArTorsins Each, Pr.RroR.MED 
AT Mui.txomau Couxtv no.sriT.u, 

nnsT KEcoxi) 


ICumber of necropsies in series 200 200 

Number having log or thigh vein (lirornbosi.s IIS 8S 

Per cent with ph]obotlironibo.=is 50 *14 

Number of instance.s irifli thromiio.sis of tliigli veins Not ex.'im. .'ll - 

Per cent occurrence of tliigli vein tlirombosi.s Not e.Mim. 15.5 

Number of patients irifli thrombi only in thigh veins*" Not exam. ■ .1 ■ ' 

Number of patients Avith combined log and thigh vein Not exaim 28 

thrombosis ' ' ' 


Per cent occurrence of combined thrombosis 
Fatal pulmonary embolism 

Origin from A’oiti'' of legs alone 
From other than veins of lower extremities 
Per cent of deaths from pulmonary embolism (200 eases) 
Per cent of deaths from pulmonary emboli.sin 
(phlebothrombusis scries) 

Instances of nonfatal pulmonary embolism 
Total number of patientc with pulmonary emboli 
(fatal and nonfatal) 

Per cent incidence of pulmonary emboli.sm 
(fatal and nonfatal) 

Per cent of\nonfatal pulmonary emboli 
(phiebothrombosis group) 

Sites of origiV of nonfatal pulmonarv emboli: 

Leg veins alone 
Either Icgveins or elsewhere 
ProbablyArom other than leg veins 
Positively 'sot from leg veins 
Percentage of ihlebitis observed histologically 
Sex classificatioi (entire group) 

Men \ 

Women \ 

Age grouping (w\ole series) 

Youngest \ 

Oldest \ 

Average age \ , 

Service classification (total cases) 

Surgical \ / 

Medical \ 

Mixed (tivo or m 'e services) 

Surgical patients with hlebothrombosis 
Percentage 

Medical cases with pi ebothrombosis 
Percentage 

Mixed group with pi ebothrombosis 
Percentage 


Not exam. 

• 89.1 

7 

.. n 

4 

’ 9 

3 

Xi 

3.5 

■ 5.0 

5.09 

12.5 

24 ■ 

28 

31 

39 

15.5 

1.9.5 

20.3 

31.8 


.10 

9 

o 


5.9 

2.5 

131 

136 

G9 

64 

IG 

15 

94 

91 

60.8 

62.8 

29 

58 

159 

135 

12 

7 

16 

34 

55.2 

58.6 

95 ■ 

51 

59.7 

37.7 

7 

3 

58.3 

42.6 


•One occurred in ■ 
tlirombus was fully c: 
doctor muscle, not “in 


patient three times hospitalized and in whom the femoral 
alized. The other two were located in the veins of the ad- 
e femoral vein. 
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It seems possible that the over-all reduction in the number of instances 
of leg vein thrombosis, from 59 per cent to 44 per cent (15 per cent), 
when carried out by the same worlfera, under like conditions and with 
identical criteria for the diagnosis of thrombosis, is ascribable to the 
prophylactic measures instituted at tlie start of the second series. In 
the first group 59.7 per cent of the medical patients had phlebothrom- 
bosis of the calf, while in the second study it Avas 37.7 per cent, a drop 
of 20 per cent. By way of comparison, 55.2 per cent of the surgical 
patients the fii’st time shoAved leg vein thrombi, increasing to 58.6 per 
cent in the later group. In fairness it must be said that the total num- 
ber of surgical cases was exactly twice that of the fir.st study. 

Death from pulmonary emlDolism in the new series totals 11, or an 
increase of 4. Taking these figures alone and without explanation, it 
would appear that the preventive measures failed to accomplish the de- 
sired end. Of the 11, there Avere 5 from the medical service and the rest 
from the surgical division. All, irrespective of service classification, suf- 
fered from conditions Avhich themselves precluded exercises, or had en- 
tered the hospital after previously haA’ing been in bed too long to make 
it safe to move their legs. All of the medical patients suffered from 
congestive heart failure. Pulmonary embolism could have been pre- 
vented in these people only by prophylactic femoral vein ligation. 

Of interest and of practical importance is that thrombosis of the thigh 
veins, particularly the femoral, seldom occurs except in conjunction 
Avith involvement of the deep calf veins. In our material there was ono 
instance of fully healed thrombosis of a femoral vein in a man Avho had 
been hospitalized on three previous occasions, and tAVo - examples of 
thrombosis of small veins in the adductor muscles, neither of Avhieh ex- 
tended into the femoral vein. Our observations are in keeping Avith 
those of FryMrolm,^ Rdssle,® Neumann,' and Putzer.® 

Once more Ave haAm demonstrated to our satisfaction that both fatal 
and nonfatal pulmonary emboli more often originate from clots in the 
calf veins or propagations therefrom -than from any other veins. Nine 
of the 11 fatal embolisms arose from the legs. Ten of tie 28 nonfatal 
emboli certainly came from the legs and 9 others may^aave, although 
other sources were possible. 

Phlebitis, Avhieh we accept as an entity onlj* in the presence of ac- 
ceptable histologic evidence of inflammation, Avas even less frequent 
(2.5 per cent) than before (5.9 per cent), and Ave find it more difficult 
than ever to believe that it has anything much to do Avith causing or 
influencing the outcome of deep leg vein thrombosis. 

The location of the thrombi according to muscles, or to unilateral or 
bilateral involvement, has not been charted because the differences be- 
tAveen the tAvo series are trNial. As in the first study, Ave can say that 
when thrombosis occurs in the legs it is likely to be bilateral and that 
clots Avill be found in and along the soleus muscle much more frequently 
than in the gastrocnemius. 
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Tabic II indicalcs the locations of venous thrombi in situations otlier 
than the lower extremity. 
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th.at the most hnportant mfluenee on the time of Ijloocl civenlation was 
the temperature of the skin of the cxti'emities. The speed of flow was 
decreased when the skin here was cool, and accentualcd wlicn it was 
warm, irrespective of whether vasodilatation was reflexly produced hj' 
heat, direct application of heat, ingestion of alcohol, or .symi)athectomy. 
Two minutes of rapid active movement of a leg lying in the supine posi- 
tion invariably increased the speed of l)lood flow; elevation to a 30 de- 
gree angle of the extremities of supine sul),jecls always increased circu- 
lation time, as did sympathectomy. 

Following a study of about nOO patients given postoperative exercises 
and among whom, incidentally, there were no instances of venous 
thrombosis or pidmonary emboli.sm, Potts and Smith” sought to sub- 
stantiate their belief that simultaneous deep breaths and active leg ex- 
ercises at regular intervals would vary the blood (low, not onl.y in the 
legs, but also the pelvic venous cistern, and thus prevent stasis and 
thrombosis. Variations in the volume flow of blood in the infeiaor vena 
cava measured wdth a venturimetcr, employing the Venturi principle 
of producing partial constriction of a stiff rubber tube connected with 
the cut ends of the inferior vena cava, were studicc’ in 6 dogs. The 
results were identical m all. Simultaneous elevation of both bind legs 
produced an increase varjung from 100 to 150 per cent in the volume 
flow of blood in the inferior vena cava. In lightly ane.'lhetized animals, 
c!ii>t,raction of the muscles of the hind legs occurring coincident ■with 
their elevation produced an increase of more than 250 j'jcr cent in vol- 
ume flow, abrupt in onset and returning to normal in 10 to 15 seconds. 
Accuracy of the observations w'as cheeked by isolation and ligation of 
both femoral veins, whereupon elevation of the legs produced practically 
no change in blood flow; release of the clamps was followed by a prompt 
rise. Normal respiration had little demonstrable effect on blood flow; 
deep respiration, produced by carbon dioxide, caused irregular changes. 
To test the validity of the observation of Luckhardt, Alpert, and 
Smith^^ that the reflex inhibition of respiration will tcr.iporarily ob- 
struct the return flow of blood to the heart, Potts and Sroilh” simulated 
this condition by overinflating the dog’s lungs. Blood flow from the 
inferior vena cava dropped to almost zero, but when the obstruction 
in the pnlmonary bed was released, there followed a prompt and marked 
rise in blood flow. Simultaneous elevation of llie hind legs, with de- 
flation of the lungs, resulted in an enormous increase in blood flow. 

Thus is afforded experimental evidence of the effitacy of exercise, of 
gravity, and of obstruction upon normal venous return. 

An interesting medical sidelight of the bombing of London in 1940 
has a bearing upon the factor of mechanical obstruction to the veins of 
the lower extremities. In a short paper, Simpson’" comments on the 
striking increase in the number of deaths from pulmonary embolism 
among elderly people who were solicitously cared lor night after night 
in the shelters by allowing them to sit in a deck, oi similar type, chair. 



nuxTint KT Ah.: TiiKOjmosi.s or »i:r.i‘ rro vr.ixs 


187 


The wooden crosshar of these chaij-s eausecl ])re.s.sui'c on tlie l)aek of the 
thigh or on tlie popliteal vessels and the legs were dependent. Com- 
paring the deaths from otlier common eardiovaseular aceiclenls sneh as 
coronary thrombosis and cerebral heiiionliage, in n-liieli thei'o was no 
significant increase over the jircvious year, it developed that 2-} ])er.sons 
had died from pulmonary cmboli.sm in 1940, in contrast to 4 in 1939. 
iMany of these people first consulted their ])]iysician on account of 
swollen legs and the condition became known as “.shelter leg.” 

None of tlie five factors mentioned in tlie first paragrapli of this .sec- 
tion can be overlooked or neglected if phlebothrombonis is to be pre- 
vented. It is shortsighted to treat a weakened heart and at the same 
time allow fluid to accumulate in the pleural or iieritoneal eavitie.s, to 
fail to relieve abdominal distention from other causes, to neglect the 
value of deep breathing, to allow extremities to become cold, or to fail 
to see that granty and muscular exercise are all highly imiioi-tant means 
of securing and maintaining normal venous flow from the legs. One 
need not be so concerned about the nrins, for nnle.ss the patient i.s o-x- 
tremely weak the upjier extremities will be moved to .some extent. But, 
all too often, the legs are forgotten and allowed to remain motionless, 
or even woree. arc i)rop]ied up on pillows in a position most comfortable 
to the patient but dangerous to his welfare. 

We believe, in common with many others, that the only sensibii ap- 
proach to the problem of pulmonary embolism is that of provepiiqu of 
phlebothrombosis v.'henever the patient is .seen from the onset of illness 
or injury, unless there arc very definite contraindications. Compara- 
tively few patients must be kept at absolute bed rest. 

One of the first hurdles to clear is the old view that only surgical, 
accident, and obstetrical patients ever have imlmonary embolism. Noth- 
ing could be farther from the truth, as others ajid ourselves have amply 
proved. The common denominator in phlebothi'ombosis and pulmonary 
embolism is confinement to bed. The reason for going to bed is un- 
important. ‘‘ 

Another step that must be taken if progress is to be made i.s that of 
education of medical students, interns, * physicians in practice, and 
nurses. Hereafter the teaching must be that all adults confined to bed 
are potential subjects of phlebothrombosis and pulmonary embolism. 
Nm’siiig supervisors, out of training long enough not to have been 
taught the newer facts, mu.st be so informed. These women stand in a 
crucial position, for upon their wholehearted cooperation largely de- 
pends the success or failure of anj’’ regime of treatment. Periodically 
in eveiw hospital someone should give lectures and demonstrations both 
to the nurses and to the interns so that with changes in personnel the 
matter is not forgotten or allowed to lapse. 

A simple means of making the hospital “embolism conscious” and 
of serving as a constant j-eminder that something is being done to pre- 
vent embolism is to hand stamp in large letters on the order sheet of 
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every chart the Avords leg exercises: yes or no Both the 

stamping and the check mark at the proper point are quickly done and 
save time. Printed letters are also much easier to read than longhand. 

iVe do not Imow just how many times each day a bed patient should 
flex and extend the feet, Imees, and thighs, b\at one thing is certain, 
nameljq that some of the periods of exercise .should be made in the pres- 
ence of the nurse or physician. A convenient time for both is when the 
temperature is being taken, or at mealtimes. In this Avay the nurse 
lean observe Avhether the 'patient is putting any effort into the exercise 
or merely playing at moAung. LikeAvise, the intern and the resident 
shorfld ask the patient to demonstrate his ability to exercise every 
time rounds are made. 

If the cooperation of the patient is to be had, bed exercises must be 
made comfortable to him. One cannot expect a person to flex vigorously 
and extend the legs Avhile tightly covex'ed by bed clothing. jMany people 
object to the scratchy sensation of their toenails against the bed sheet 
and will not move freely under such circumstances. Turning on one 
side easily obAuates the difficulty. 

PilloAvs under the knees for more than a very fcAv minutes at a time 
should be an absolutely forbidden practice in all hospitals. At best 
the popliteal space is an anatomic bottleneck and, to increase it by 
flexion and elevation of the Imee is AA'holly unjustifiable. 

The modern practice of early rising after operation and the shorten- 
ing of confinement to bed of medical patients brought about by chemo- 
therapy are undoubtedly doing something to prevent phlcDothrombosis, 
but Ave must never forget that the process can begin Avithin a very fcAV 
days so that early rising alone Avill not insure against thrombosis. 

In a recent thought-provoking . symposium, Dock and his associ- 
ates^^ have emphasized not only the frequency of pulmonary embolism 
originating from leg and pelvic veins of bedridden persons, but other 
serious effects of confinement as A\mll. His indictment of the abuse of 
bed rest is a scathing one. 

Strange as it may seem, elevation of the head of the bed AA'ill effectually 
cause most patients to exercise their legs. All but the most debilitated 
have an innate dislike for slipping doAvuAvard in bed and in bringing 
themselves back to the head of the bed are forced to put real effort into 
their legs. When nurses are insufficient, or where patients must be 
alone, this method has much to commend it. 

While it has been shoAvn that thyroid extract will increase metabolism 
and the circulation time, Ave have ahvays felt it better to rely on purely 
physiologic means and not to risk upsetting the balance of the thyroid 
gland by gmng the extract. 


SUMMARY 

1. A comparatiA'e study of the incidence of A’enous thrombosis of the 
legs in 400 unselected autopsies on adults, performed in the same hospi- 
tal, before and after instituting preA’^enth’e measvu’es is presented. 
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2. Ill the last 200 cases dissection of the femoral and adductor veins 
was carried out. Like other.s who have examined the femoral vein, we 
find that phlehothromhosis of the lower extremities he^ins in the deep 
vessels of the calf and tends to projiagatc toward the heart, and that 
thrombosis of the femoral veins alone is an uncommon occurrence. Both 
sets of veins ai’c the most frequent, and for this rca.son the most im- 
portant, of all the po.ssible .sources of both fatal and nonfatal pulmonary 
emboli. 

3. There were no important diitcrcnccs between the two series con- 
cerning age, sex, or location of the thrombosed calf veins. The last- 
mentioned feature has been considered in .some detail in a previous 
publication.'’ 

4. Thrombosis of the deep veins of the log is a fi'Cqucnt event in all 
classes of middle-aged and older patients who for any reason whatso- 
ever must go to bed for longer than a very few days. The onset is in- 
sidious and without prominent symptoms. Phlebitis, as a cause or as a 
complication of deep extremity vein thrombosis, is very uncommon and 
for this reason is unimportant. 

5. The logical approach to the problem of phlcbothrombosis and pul- 
monarj' embolism is prophylactic. Hitherto, in our opijiion, there has 
been far too much emphasis upon diagnosis and treatment and too little 
on prevention. 

6. Prophylaxis is Ijest based on simple and readily carried out ph3’'si- 
ologie prineiplas, 

7. Ke-edueation of phj'sicians and nurses with respect to the seats 
and causes of thrombosis of the legs is lu’gentB" needed. •> 

8. The incidence of phlebothrombosis in a small series of medical pa- 
tients proved to be significantly’ less than it was in the fii’st 200 cases. It 
seems probable that the institution of active exercises for this group is 
responsible for the decrease. 
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POSTOPKKATIVK ]^ULI\10NAPV EJLBOLISIll 
'..1. S. ]\lcCAUTNr,Y, :\r.D., 3 IinnivAI'Olis, :Minn. 

(F}om the Depart nif lit of Vatholomi, Univi rtiitij of ^hinuiota) 

P UL^IONAKY oml)o]isni commonly is considered an nnexpcclcd 
catastropliy occurring suddenly after some operative i)roeedure. - 
and usually without warninst, in a ])erson who had convalesced nicely 
and Avas about to be discharged. Often the en^bolism takes place when 
the patient is .iust heginning to resume normal activities, for example, 
walking or at stool. This conception is only partially true, because 
embolism is perhaps even more frequent in persons Avho have l)een 
confined to bed for other reasons than an operation, as after delivery, 
a fracture, particularly of a lower extremity, and in many diseases, 
especially those associated with an impaired circulation. It may also, 
on rare occasions, occur in an individual who has not been confined 
to bed. In many instances there have been warnings as to what might 
liappen — symptoms which, properly considered, might have led one to 
suspect that a small nonfatal embolism had taken place; for exam])le, 
such symptoms as a sudden pleuritic pain with or Avithout bloody 
sputum. Belt^ and BresliclP have shorvn that pulmonary embolism is 
GA'^en more common in persons dying of medical diseases than in those 
dying after some operation and is present in some 10 to 12 per cent of 
routine post-mortem examinations on adults. 

In 1846, VirchoAv^'* published the first correctly interpreted examples 
of clot embolism of the lungs. Others, previously, had given clear 
descriptions of it, but did not correctly interpret or understand AAdiat 
had happened. Virchow’s idea, that the clot, found obstructing the 
jAulmonarj’' artery, had come from the veins of the pelvis or lower 
extremities, Avas bitterly disputed for a long time. put his theory 

to the experimental test and proved that solid masses could be carried 
by the blood through the veins to the lungs. Ilis cases of embolism 
occurred, as might be expected, not after operations, but folloAving 
cliildbirth, traiAiua, and disease. lYhen VirchoAV first Avrote on this 
subject there Avere none of the present-day surgical procedures except 
amputations, hence it Avas not until some decades later that pulmonary 
embolism began to be considered a postoperathm complication or acci- 
dent. Then its occurrence in nonopei’atiAm patients AAms forgotten to 
a degree and the broader aspects of the whole problem did not receiAm 
deserved attention; in discussion, embolism was, to a great extent, re- 
garded as a surgical calamity. In the century since VirchoAv gaAm his 
clear description, even though ijapers Avithout number haA^e been Avrit- 
ten on the subject, much is still to be learned about the underlying 
causes of thrombosis and euAbolisuA and their preAmntion. > 
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Pulmonary embolism is always a complication of some pre-existing 
disease, which 'has almost always confined the person to bed. When 
the embolism takes place the symptoms usually come on suddenly. 
Depending largely upon the size of the embolus or emboli, death oc- 
curs quickly, after some minutes, hours, or days. Probably not infre- 
quently the patient recovers completely. The symptoms, in brief, are 
dyspnea, substernal pain or discomfort, cyanosis, and anxiety. There 
may be a pleuritic tjqie of pain, vomiting or cerebral symptoms, some- 
times with convulsions, or signs of shock and circulatory collapse. 
If the embolus is massive, occluding the trunk of the pulmonarj" artery, 
it may kill in a few seconds. If small, one or more lung infarcts may 
develop, with or without pleui’al’pain, effusion, or bloody sputum. 
Infarction often precedes a final fatal embolism. A shower of small 
emboli may have the same effect as a single large one, interfering 
either with the free access of blood to the lung, resulting in damage 
to the lung, or by stasis to the brain. When there is a shower of small 
emboli, all of them probably do not reach the lung at the same time, 
but the end result may be the same, although the time from onset to 
death -udll probably be much greater. If there is a scries of small 
embolisms, some of the earlier ones to arrive in the lungs may cause 
infarctions or propagate proximally and bring about the same result 
as a single large embolus. With an embolism, which is not immedi- 
ately fatal, pneumonia or coronary disease is often suspected. When 
either pneumonia or a coronary attack is diagnosed in a convalescent, 
one should remember that a nonfatal embolism may be the correct 
diagnosis. Such symptoms may constitute a warning of a fatal em- 
bolism to come. klcGinn and White^'* and others have shown that by 
the use of electrocardiography a differentiation may be made between 
coronary disease and acute cor pulmonale. 

Before pulmonary embolism can take place there must be thrombosis 
of a vein in some part of the body. The common primary sites of 
thrombosis are the veins of the lower extremities and pelvis, and 
rarely elsewhere. Small nonfatal emboli not infrequently come from 
the right side of the heart, usually from the atrium. Embolism usu- 


ally occurs in individuals "who haA'^e sIioato none of tlie ordinary signs 
of thrombophlebitis. An unexplained fever or leucocytosis may be the 
only indication that something is wrong. When an embolus is found 
at post-mortem examination, one is immediately curious as to its origin. 
As necropsies are ordinarily done, the site of primary thrombosis is 
found in only about two-thirds of examinations, although a complete 
dissection may fail to reveal the source. Perhaps in such instances 
the^ eutiie thrombus had torn loose and a small roughened area on the 
intima of a vein might be overlooked easily. !Massive emboli usually 
come from the iliac or femoral veins, although the very beginning of 
the thrombus may have been far down the leg. Hunter and his co- 
wor'ers” have showm at post-mortem ummination that in bed patients 
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ill the latter liall of life, llirombosos are present in the 'leep veins of 
the leg in 52.7 per cent of cases, llo.ssle'' has found such tliroinboscd 
veins in approximately 25 per cent of adults at neerojisy. It is often 
alleged that the primary site of thrombosis is more frequently in the 
left than the right loivcr extremity, but there is reason to doubt the 
truth of this .statement. It rarely happens that an embolus has its 
origin in a vein in the field of o]ieration. When jnilmonnry embolism 
occurs after trauma the primary thrombosis may have been in a trau- 
matized vein, but not neee.ssarily so, as it may liave arisen in tlie 0 ])p 0 ' 
site extremity. In embolism following delivery, the embolus may have 
come from a vein near the uterus, but again not necessarily so. 

The process of thrombosis is elo.scly related to tlie nornial jiroccss'of 
coagulation of blood, but normally there is no intravascular clotting 
during life. If blood did not normally clot after a blood vessel urns 
opened, there could be no suece.ssful surgery, because hemorrhage 
could not be completely stopped, and people vould die after trivial 
cuts. In patients who develop thrombosis, with or without embolism, 
elottmg of the blood goes far beyond the normal limits, and clots form 
Avhere there has been no obvious in.iury to a vessel. Why this abnoi'- 
raal clotting takes place is not entirely clear. Many factoi’s apparently 
operate to cause thrombosis. U.sually these factors are diwded into 
three groups : (1) slowing of the blood stream, (2) injuiy of the endo- 
thelium, and (3) changes in the composition of the blood. IiWiich of 
these is most important we do not know ; probably in a given instance 
one is more important than the others. Slowing of the blood stream, 
particularly vdth eddy formation, has long been considered as of prime 
importance. In my material, venous thrombosis Avas found five to six 
times as commonly Avhere chronic passive congestion, as indicated l).y 
the liAmr, Avas present, as Avhen there AAms no passive congestion. It is 
Avell knoAvn that Avhen endothelium is damaged thrombosis may occur. 
Group 3, changes in tlie composition of the blood, includes many items, 
for example, changes in the pi-othrombiu time, clotting time, calcium 
time, sedimentation rate, platelet count, infection. There are other 
factoi’S of importance Ai^hich cannot be placed in any of these groups. 
These are age, sex, site of operation or injury, disease, obesity, and 
Aveather. Advancing age Avith its gradual loss of muscular tone and 
relatiAm inactiAuty may Avell cause some sloAAdng of the blood stream, 
CAmn though there is no apparent organic cardioAmscular disease. 
Obesity, likeAvise, may decrease the rate of floAV of the blood stream 
for the same reasons as advancing age. Enforced bed rest from any 
cause may sIoav the blood stream, especially in certain parts of the 
body. Disease through inaethufy or changes in the composition of 
the blood might promote stasis and thrombosis. An old person AAuth 
impaired muscular tone and eai’dioA’-ascular system should be a much 
more likely candidate for throinbosis and embolism than a young per- 
son Avith good muscular tonpimud a sound eardioA’ascular system, if 
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eaeli was subjected to the same operation or trauma. K advanced age, 
obesity, impaired cardiovascular system, disease, and operation occur 
in the same person the likelihood of thrombosis may be still greater. 
It would appear that thrombosis and embolism may be due to a number 
of variables, operating in different combinations in different persons. 

Aschoff’s^ theory of thrombosis is the one most generally accepted, 
although in recent years some opposition to it has arisen. According 
to Aschoff*, fatal emboli come from thromboses of the iliac or femoral 
veins. The thrombus usually iicgins near a vein valve as a platelet or 
agglutination thrombus and this forms the head or Kopficil. AVhen 
this platelet thrombus has become large enough to occlude the A'ein. 
then a coagulation thrombus made up of fibrin, red blood cells, and 
leucocytes forms in the obstructed vein ■where the blood is at a stand- 
still. In recent yeai's, due to the studies of Glow.’® Denecke,® Rossle,’-' 
Neumann,^® Frykholm.® and others, evidence has accumulated indicat- 
ing that the thrombosis, with or without embolism, actually may have 
started in the deep veins of the calf of the leg or foot. Then by prop- 
agation and accretion the thrombus may have extended up the veins 
of the lower extremity, not occluding the lumens, but waving free’ 
in the passing blood. It has been suggested that compression of the 
veins during rest in bed maj^ have caused empty veins to be flattened 
and the so-apposed endothlial linings to be damaged. Such a focus of 
endothelial injury might be the site for the initiation of a thrombus. 

It is very difficult to work out the real incidence of thrombosis and 
embolism for many reasons. Autopsy material should give accurate 
information on this subject, if complete post-mortem examinations 
vnv tone \tmely. UnforUniately, necropsies are done on only a 
>action of those who die in any community or hospital, and at best 
aive information only on those examined. Hospital populations vary 
from hospital to hospital in age, sex. tyi)e of disease, economic status, 
etc ’ 

Reports from various sources show an incidence of from less than 1 
to almost 12 per cent in routine autopsies. Domrich® in 26,439 necrop- 
sies found pulmonary embolism in one-half of 1 per cent and in an- 
other series of 2,500 examinations an incidence of 2.4 per cent. Belt® 
in 567 examinations found emboli in 9.8 per cent of persons and 
Breslich^ in 457 necropsies found embolism in 11.8 per cent. A serious 
difficulty encountered in trying to compare the data of different au- 
thors is that often the age distribution of all the patients on whom 
post-mortem examinations were made is not given. A series derived 
from nonsurgical deaths cannot be compared rvith a seines from a sur- 
gical service. Another difficulty found in trying to make comparisons 
is that many authoi's have drawn no distinction between fatal and non- 
fatal embolisms. The incidence of thrombosis and embolism based 
entirely on clinical data is open to obvious objections. 
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Similarly in reports on the inculence of thrombosis and cmljolisin 
following’ surgical pi'oecdurcs, there is great variation ranging from 
0.02 to almost 3 per cent. In 3912, Wilsoiv" reported on (53, 758 opera- 
tions done at the Mayo Clinic and found an ineidenee of embolism of 

0. 07 per eent. Heard.’® in 3923, at the IVlayo Clinic found an incidence 
of embolism of 0.32 per cent in (10,757 operations on men and of 0.07 
per cent in 43,605 operations on women. In 39-10, Bai’ker and his 
collaborators,® ahso reporting from the Jlayo Clinic, showed an inci- 
dence of thrombosis and emboli.sm of 0.9(5 ])cr cent in 372,888 o])cra- 
tions, of pulmonary embolism of 0..52 per cent, and of fatal emboli.sm 
of 0.20 per cent. They have analyzed their material according to site of 
operation and magnitude. They found that the incidence, of fatal pul- 
monary embolism varied from 0 to 0.77 per cent. All of these series 

1. ave come from the. same clinic and yet there is a ditl’erenee in inci- 
dence. It might appear that these series arc really comparable, but 
yet they may not be at all similar. It might appear that embolism had 
increased in frequency at the Mayo Clinic, but it is doubtful whether 
such a conclusion is really .iustihed, 

Numerous articles have been written to show that thrombosis and 
embolism have increased since World War I. Part of this apparent 
increase can probably be referred to comparisons of dissimilar data. 
Prom perusal of articles written since Virchow’s description it would 
appear that the incidence of embolism has followed a wavelike course. 
Virchow reported one of the highest incidences of embolism, having 
found pulmonary embolism eleven times in seventy-six post-mortem 
examinations. 

My data are based on 25,771 necropsies done bj' tlie department of 
pathology of the University of Minnesota during the tAventj-* yeags 
from Jan. 1, 1919, to Dec, 33, 1938. Prom the autopsy records I de- 
termined that in 689 instances, or 2.67 per cent, death was. to be 
a+tributed to pulmonary embolism. This appears to be but one-fourth 
the incidence as determined by Belt and Breslich. However, in' my 
opinion this difference in incidence is to be explained by the fact that 
they were considering all pnlmonary embolisms, fatal and nonfatal. 
Their conception, while broader than mine, is still not bi’oad enough. 
To get a Ml view of the problem we must broaden the base to include 
not only the cases Avhere pulmonary embolism actually ocemTed, but 
also those instances where it might have taken place, because venous 
thrombosis was present. The embolism Avas merely a fortuitous eA’ent. 
When a thrombus forms in a vein, the bearer of that A’ein is in line 
to be a victim of pulmonary enibolism. Prom this point of vicAv there 
Avas, in my material, embolism or the possibility of embolism in 10 per 
eent of the autojAsies. If the ca.ses of Amnous thrombosis AAuthout em- 
bolism be deducted, then pulinonar 3 >- artery thrombosis or emliolism 
occurred in 7.2 per cent, a figure not too far from those of Belt and 
Breslich. Tlie difference may be due to differences in the sources from 
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wliicli the material was obtained. My material came from private and 
charity hospitals, the coroner’s service, and the private praciices of phy- 
sicians. It represents about 16 per cent of tlie deatlis in j\Iinneapoli.s, 
but included are necropsies done on poisons wJio had died elsewliere. 
Tlie age distribution in these examinations closely follows the curve of 
vital statistics as to decade distribution of deaths. 

Much has been written to show that pulmonary embolism has a sea- 
sonal incidence. De Takats and his co-workers' studied 100 cases of 
pulmonary embolism and found the greatest incidence during the 
spring and fall, the times of the year with the greatest tluetuations in 
barometric pre.ssure and temperature. iMartland'- found that in SG 
massive embolisms in 10,797 necropsies from his medical examiner’s 
service, March, April, September, and December Avere the months with 
the greatest incidence of pulmonary embolism. !My material cOA'oring 
a twenty-year period shows that month by month and year by year 
the number of examinations runs at u fairly uniform level, although 
the number of examinations has gradually increased. The incidence 
of thrombo-embolism has also folloAved a uniform course and ■there a^e 
no indications of a seasonal influence. 

Consideration of the decade distribution of the present series of 
post-mortem examinations and the occurrence of thrombo-embolism in 
the vai’ious decades shoAved that thrombosis and cmbolism'occurred at 
all ages AA'ith a tendency to a greater incidence as age advanced. This 
Avas true Avhether fatal embolism or venous thrombosis Avith or Avith- 
oiit embolism AA-as considered. This etfect of age is .shoAA-n in Table I 
and particularly Avith fatal embolism there is a steady rise from the 
first to the ninth decades. Perhaps the frequenej- of thrombosis in 
the first decade may be referred to infectious, such as those of the 
middle ear. Puei’peral infection doAibtless increases the incidence of 
thrombo-embolism during the childbearing period, although fatal em- 
bolism after delivery is infrequent. Nevertheless, fatal pulmonary 


Table I 

Age Disteibotiox of 25,771 jSTeceopsie.s axd Incidexce of Tiirojibo-Eaibolisw axd 
Fatal Embolisai ix Each Decade 


DECADE 

xumbeu 

THF.OMBO-EMBOLIS.AI 
(PER CGXT) 

FATAI. EMBOLTSAt 
(PER CEXT) 

1 

o 

3 

4 

5 

6 

7 

8 

9 

10 

Adults 

3,277 

1,050 

1,945 

2,676 

3,818 

4,157 

4,196 

2,908 

S16 

54 

874 

3.1 

0.7 

9.4 

9.0 

10.0 

12.2 

12.4 

14.1 

13.0 

12.9 

O.lS 

0.57 

1.49 

2.09 

2.40 

3.31 

3.95 

4.74 

5.39 

1.84 

Total 

25,771 

10.1 

2.67 
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cinholisin is notably liii^lior in Avonicn after (Iclivei-y tlian in tlio.sc dy- 
ing during tlic ciiildbenring period. 

From eaidier studic.s” it appeared that, fatal embolism was more 
ebmmon in men, but after fatal trauma more comnion in •women. 
Barker and co-workers found tlirombosi.s and embolism to be rela- 
tively more eonimon in women than in men, but fatal embolism more 
frequent in men. The present study indicates that thvombo-embolism 
and fatal embolism arc more common in women, tlu'ombo-cmbolism oc- 
curring in 9.1 per cent of men and in 13.2 per cent of wmnen, and fatal 
embolism in 2.2 per cent of men and .3.tl per cent of women. (In this 
calculation post-partum eases were excluded, because Of this special 
condition.) 

In order to study another factor which might play a part in thrombo- 
embolism, this material was divided according to anatomically normal 
and abnormal hearts. This analysis showed that in persons ^yith heayt 
disease, thrombosis and embolism occurred approximately thgee times 
as often as it did in persons with normal hcaj’ts. 3<\irther subdivision 
of these two groups by age revealed that in persons with anatomically 
normal hearts there was a .sliglit but gradual increase of thrombosis 
and embolism as age advanced, whereas in persons with diseased hearts 
thrombo-embolism occurred fairly uniformly in all decades of life, 
except the first. As just indicated, wlien the liver showed chronic 
passive coiigestion, venous thrombosis was five to six times as common 
as it was when the liver appeared normal. 

Throraho-emholisni maj’- be divided readily into postoperative, post- 
traumatic, post-partum, and medical groups. When thus divided I 
found, for these groups, incidences of 5.4, 3.5, 4.7, and 1.2 per cent 
respectively. A statistical determination of the significance of these 
differences in percentage has not been made. In all of these four 
groups, when divided according to age, there appeared to be a definite 
age effect, Avith an increasing occurrence of thrombo-embolism Avith 
adAmneing age. 

A discussion of postoperathm thrombosis and embolism, to which 
objections cannot be raised, requires mucli more data than are usually 
given. It is necessary to knoAv not only the number of operations 
according to sites, but also the sex, the ages at AA’^hieh the various 
operations have been done, the postoperative mortalities by decades, 
and, if post-mortem examinations Avere not made, then the clinical 
causes of death should he included. Such information I have not as 
yet been able to find. This information is needed before there is justi- 
fication for claiming that certain operations are more likely than 
others to be folloAAmd by thrombo-embolism. It may be true, but the 
reasons and the foundations for the statements do not appear. To 
state that pulmonary embolism occurs more commonly after certain 
operations and in the latter half of life is a commonplace, but this 
truism is usually not iuA^estigated further and the reasons and causes 
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for auy such greater occurrence have not been fouiul. Among the 
contributors to the higlier incidences of pulmonary onibol'.;^in a-e men- 
tioned operations on tlie bladder and prostate. A moment 's retiection 
suggests that the reason for this maj^ be that such operations arc done 
only rarely in the early decades of life. It is often said that appen- 
deetomj^ is a large contributor to embolism in early life. The obvious 
reason for this is that most of the primary appendectomies arc done 
during the first three decades of life and vith the large numbers of 
appendectomies done, the chances for embolism to occur are increased, 
even though the actual incidence may be very low. Why hernioi'rhaphy 
should so often, as is alleged, be followed by thrombosis or embolism is 
not clear, but, as in the ease of the appendi.x, it may be related to the 
time of life when most hernioplastics are done. 

Barker and his collaborators, in> thcii’ study of 172,888 operations, 
divided them according to site and magnitude of o])eration. They found 
“venous thrombosis and pulmonary embolism are relatively twice as 
common following laparotomy as they arc following all operations and 
they are three times as common following laparotomy in which opera- 
tions on the female pelvic organs were done as tliey are following all 
operations. The highest incidence of venous thrombosis and jmlmoua'ry 
embolism occui's in -operations where thei’C is laparotomy and extensive 
resection of tissue. These are operations which can be considered to be 
of relatively long duration and of relatively great magnitude. TJie inci- 
dence of venous thrombosis and pulmonary embolism is approximately 
twice as great in cases of repair of bilateral femoral or inguinal hernia 
as in cases of unilateral femoral or inguinal hernia. Ilere the difference 
is only that of magnitude and duration of operation.” They call atten- 
tion to the high incidence after splenectomy, and believe it is in some 
M'ay related to the blood changes associated with the reasons for splenec- 
torny. Their data are tabulated under four heads, namely, all throm- 
bosis and embolism, pulmonary embolism, fatal puhnonary embolism, 
and clinical diagnosis of thrombophlebitis. Rearrangement of these data 
gives some interesting results. Splenectomy takes first place three times 
in these four items and second place once. Abdominal hystereetom}" 
takes first place, once ; second place, twice ; and sixth place, once. Third 
place is taken twice by cesarean section and once each by resection of the 
intestine and other intestinal operations. Fourth place is taken once by 
other intestinal operations, once by bladder and prostate operations, 
once by exploratory laparotomy for inoperable malignant lesion, and 
once by bilateral femoral or inguinal hernia operations. Twice colostoni.^' 
and/or enterostomy assumes fifth place, and once each this place is taken 
ly 1 ateial femoral or inguinal hernia and vaginal hysterectomy. Sixth 
p ace tv ice in the column of resection of the stomach and once each 
in abdominal hysterectomy and other intestinal operations. Seventh 
p ace IS taken once each b^^ cesarean section, bilateral femoral or inguinal 
lernia opeiation, intestinal resection, and other gjmecologic operations. 
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IDiglilh pVaco. falls once in the eolninn of vnyinal hystc'vocloiny, once in 
a])pcndecl6niy for ruptured a])p(‘ndix. once in bilateral fenioi'al or 
inguinal hernia, and once in other hernia except dia])hraginatie. Nintli 
place is twice in the eolninn for resection of the stomach, once in pros- 
tate and bladder, and once in eoloslomy or enterostomy. Jn tenth 
])lace are colostomy or (‘Uteroslomy, exploratory laiiarotoniy for in- 
operable malignant lesion, other lower abdominal operations, gall blad- 
der and duct, and other stomach operations. This survey might be 
continued through all the thirty-six types or locations of opei'ntions 
tabulated by the authors. 'Phis much reveals that thrombo-embolic 
disease tends to occur particularly after operations on special sites, 
without any apparent explanation, save that, with the exception of 
vaginal hy.sterectomy, the chief contributors involved incision into or 
through the anterior abdominal Avail. Thcii- table also shoAvs that no 
part of the body Avas free of its eomplement of postoperative thrombo- 
emboli.sm. Culp,” in a survey of 8,163 urologie operations, found 88 
pulmonary embolisms of Avhieh 3o wei-e fatal and so pi'ovcd at neerojisy. 
There Avere 11 presumptive embolisms, 21 infarcts Avith recoveiy, and 
4:’ infected infarcts, lie .states that embolism Avas re.sponsible for 6.62 
per cent of all po.stopcratiA-e death.s. He also noted that 81.2 per cent 
of the embolisms AA'erc in priA-ate patients, and the only difference 
hetAveen prif’ktc and Avard patients that he could find was that the 
former tended to be overAvcigbt and the latter undcrAveight. Of the 
embolisms, 62.5 per cent Averc in persons over 60 ycai's of age, AAdioreas 
only 41.2 per cent of all patients Avere over 60 years of age. Fnrtlicr, 
Avhile 25 per cent of fatal embolisms avci’c in persons from 71 to 80 
years of age, only 12.5 per cent of all patients Avere of this ago. Of the 
patients A\dth embolism, 31 per cent A\mrc of normal height, 43.7 per 
cent undei’Aveight, and 25 per cent overAveight. Tlie incidence of fatal 
embolism after supra])ubic operations Avas 0.67 per cent, after perineal 
0.57 per cent, and after transurethral 0.25 per cent. There Avas marked 
abdominal distention in 43.8 per cent, Avhich might haA'c increased 


stasis of blood in the pelvis or loAver extremities. There Avas clinical 
evidence of cardiac decompensation preoperatiAmly in 20 per cent, an- 
other 10 per cent had high diastolic pressures, and another 40 per cent 
had myocardial scarring at post-mortem examination. Clinical throm- 
bosis Avas present in 18.8 per cent. Veal,^® in a study on femoi’al Amin 
ligations to preAmnt pulmonary complications after thigh amputations, 
concludes that “pulmonary complications are more frequent folloAAdng 
thigh amputations than in any other field of surgery. Many of the 
pulmonary lesions are embolic in origin.” All of these indicate that 
it is nece.ssary to knoAv more about the operative procedures than their 
site and magnitude. KnoAvledge as to age at AAdiich oijerations are 
done as Avell as mortality by decades might furnish useful information 


m an attempt to learn the factors AAdiich underlie thrombo-embolism. 



200 


SURGERY 


To get some information on the question of when various operations 
are done, I have gathered from the literature data bearing on this 
point. These data show that for the appendix about tin of -fourths of 
the primary appendectomies are done before the age of ;:irly years; 
about one-half of the herniorrhaphies are done during Iho first three 
decades; about 85 per cent of gall bladder operations are done afi' r 
the age of 30 j'cars, more than one-half between the ages of 30 and 40 
years, and less than one-third after the age of 50 years. Apparently 
about one-half of the abdominal gynecologic operations are done dur- 
ing the fourth and fifth decades, and only about 20 per cent after the 
age of 50 years ; until the fifth decade there are almost no suprapubic 
operations on the bladder and prostate; about 75 per cent of opera- 
tions on the head and neck are done during the first three decades of 
life. This by no means covers all the operative fields, bv\t is a clear 
indication that age must be given full consideration before a true 
comparison can he made as to the relative incidence of thrombo- 
embolism as a complication fnllowing operations on particular sites. 

Of the 25,771 autop.sy records studied, I decided that 4,070 were 
to be classified as postoperative deaths. In this grc-iqi venous thrombu 
sis or pulmonary embolism was found in 471 instances or in 11.5 per 
cent, I considered that in 216 instances the pulmonary embolism could 
be called fatal, that is, in 5.3 per cent of cases. There were 1,506 
women nith 182 thromboses and embolisms, or 12.0 per cent, and 2.564 
men with 281 instances of thromho-emholisra, or 10.9 per cent. In the 
1.506 women there were 90 fatal emholi.sms, or 5.9 per cent, and in the 
2,564 men 126 fatal embolisms, or 4.9 per cent. 

Table II indicates that the ages in the routine autopsies and in tliose 
done after postoperative deaths are approximately the same. Tlie 
actual number of autopsies in each decade done on persons djdng after 
operation is eiven at the end of Table III. In the same place are gi^'eu 
the incidences of thrombo-embolism and fatal emboli.sras. If it may be 
assumed that such distribvitioii of postoperative deaths is true, then 
it is clear that while thrombosis and embolism oeenr in a,ll decades 
there is a tendency for them to increase in frequency with age. This 
is even truer of fatal embolism. It is worthy of note that onlj' 31, or 


Tablc 11 

Age Distp,ibdtiox op Autopsies (21,927 Eoutis'e and 4,010 Postoperatito) 
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5 per cent, of llic 214 faial embolisms eoiisitlcrcd as fatal occurrcfl in 
patients before tlie ap:e of :10 years, and that only 31, or 14.1 per cent, 
yore in jK'.r.sons under 40 years of aj'c. \Yherpas 23.2 per cent of all 
postoperati>;(f tbrombosc.s and end)olisms were in persons under 40 
years of a^e, 

i.-Table 111 shows the ap:o, site of operation, and ineidenec of tbrombo- 
embolism and fatal embolism, in the 4.070 necropsies in persons dead 
after operation. The operative sites were associated with thrombo- 
embolism and fatal embolism in the actual numbers as .shown in Tabic 
IV, and the incidence of thrombo-em holism and fatal embolism as com- 
plications of these various sites is shown in Table V. (In these tables 
suprapubic operations on the bladder and/or prostate are all included 
under bladder, and the transuretlnul jirostatcetomies under jjcrineum.) 

The I’clativcly high incidence of thrombosis, uith or without embolism, 
after operations on the head is doxibtle.ss related to infection, for 
example, otitis media and mastoiditis. It may be noted in Table HI 
that of the 391 operations on the head, .Itipiwerq.done in patients under 
the age of 20 years and 207 in, those under the age of 30.- Of the lifty- 
ei,gbt instances of thrombo-cmbolisni after head oixerations thirty-three 
were in perspns under 30 years of age. All of these thirty-three were 
associated with infection. There were five fatal embolisms after head 
operations and £^11 were in pci’sons over 50 years of age. These five 
embolisms give an incidence of 1.2 per cent for persons dying after 
head operations. Operations on the extremities were the second 
largest contributor to the actual number of instances of thrombo- 
embolism, but ranked in eighth place in the number of fatal embolisms. 
Fatal embolism occurred in only 5.5 per cent of persons, but the possi- 
bility of embolism xvas present in 20 per cent. It is to be noted in 
Table III that thrombo-embolism and fatal embolism occurred in all 
blit txvo of the decades (third and fifth), and that here there is no evi- 
dence of an increased incidence with age. 

Suprapubic operation on the bladder and/or prostate was in third 
place in the actual number of thrombo-embolisms and in second place 
in the number of fatal embolisms. Thrombo-embolism occurred with 
the possibility of fatal embolism in 15.5 per cent of persons and such 
fatal embolism took place in 10.3 per cent of individuals. In Table III 
it will be noted that no thrombosis or embolism was found before the 
fifth decade in any person who had undergone an operation on these 
organs, further that all the fatal embolisms occurred after the fifth 
decade of life. Of the 270 operations in this category, 9 were in women 
with neither thrombosis nor embolism. Of the twenty-eight fatal em- 
bolisms in men, all but one occurred after the sixth decade. Sixteen 
of these followed prostatectomy and txvelve followed various opera- 
tions on the bladder. Fifteen showed normal hearts and thirteen some 
evidence of organic heart disease. It may be mentioned here that in 
forty-one deaths folloAving transxirethral resection of the prostate there 
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Table 

j: 

Actual Kejibeks or Tjikombo-Embolisms ax» Fatai- Embollsms Accokdikc 

TO Operative Sites 


THROMBOSIS AND 
EMBOLISM 

NUMBER 

EAT.U, ■ , 

EMBOLISM — 

NUMBER 

Head 

oS 

Kernia '' 

29 

Extremity 

4T 

BUidder 

28 

Bladder 

42 

Gall bladder 


Hernia 

33 

Appendix 

•' 19 

Large intestine 

34 

Uterus 

19 

Appendix 

.33 

Perineum 

17 

Perineum 

33 

Large intestine 

30 

Gall bladder 

28 

Extremity 

13 

Uterus 

27 

Small intestine 

9 

Exploratory laparotomy 20 

Exploratory laparotomy 

9 

Thorax 

22 

Stomach 

7 

stomach 

20 

Kidney 

7 

Keck 

19 

Tliorax 

c 

Small intestine 

17 

Adnexa 


Kidney 

14 

Head 

, t 

Adnexa i 

8 • 

-Keck- 

»l 

tt 

Miscellaneous 

7 

.jx. Aliseellancous 

1 

Spine 

1 

Spine 

0 ■ 

xSpieen •• , * xu 

0 

• xi Sp^e-ni 

0 


I ! !•' 


.Vv-xiils: -.AVAWpnistanees of fat-al pulmonary emhulism a*x i- hidividnulr, 
Vith’-heart disease. This isiairincidln-.c of. 37 psi: (’c-jil'Y-hioh i.s nioie 
than twice the incidence. £ot the. whoii* 'pcrinealtgiang. X. . 

The 128<'opevatlons for*hevnia TieK''-d.>lhv"fcveaies! . •• . ’ixt- of farnl 
embolisnn, .and lihvniorrhaidiies rank.'"’! hirst', am one II lie operative sitds 
having' ihis eoniplicatiou and;ean. e of'doath.i’eVJs will i.o sedn j'r'irhbU' 
III, no thromboses (.? fatal embolisms ocKOBro(Tir.''}hi,liculs under the 
age of 30 years and the hitlrest incidenen.s -of d:lirambo-ctnl)oli.sm- and 


fatai embolism were found in the seventh decade of Tue, _ 5;. . 

, “■ Table' V 

■ ' ■ V' ' ' ■ ' 'u i.c i'<, - " . ' • 

iATIDE’.-CE Ot THROS'BO-i 'IBOLISM AA'ii F.VTAL F.MBOLlSil ACCORDING TO 

' ' ' - Opeb.vtivl Sites 


THBOMBO- 

Einjoi.isii 


PER CENT 


FAl'.IL 

EilBOLISlr " 


PER tFNT 


Uterus 

Hernia 

Extremity 

Bladder 

Ferineuni 

Head 

Kidney 

Large intestine 

Appendix 

Miscellaneous 

Thorax 

Gall bladder 

Adnexa 

Small intestine 
Keck 

Exploratory' laparotomy 

Stomach 

Spine 

Spleen 


2 , 3.4 

Hernia- • '’'7- ' 

22.0 

24.2 

Uterus 

1T.9 

20.0 

Bladder 

10.3 

15.5 

Gall bladder 

7.8 

14.8 

Perineum 

7.0 

14.S 

Adnexa 

7.1 

12.8 

Kidney 

0.4 

11.5 

Appendix 

0.1 

10.0 

Extremity 

0.0 

10.2 

Large intestine 

5.4 

10.2 

Small intestine 

4.0 

10.0 

Thorax 

2.7 

9.5 

Exploratory laparotomy 

2.0 

7.G 

Stomach 

1.9 


Miscellaneous 

1.4 

5.7 

Head 

1.2 

5.0 

Keck 

1.1 

l.S 

Spine 

0 

0 

Spleen 

0 
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Oper:i‘ions on the largo intestine took fifth place in the list of possi- 
bilities for fatal embolism ami sevontb place in the number of fatal 
embolisms -aetuully proclnccd. Tims, large intestinal operations bad 
fatal omi.'i.'m in 5.4 per cent of eases. In Table HI it may be seen 
that there -lio instance of fatal embolism, after operation on the 
lai'ge intestine before the fifth decade of life. The peak of incidence 
for tbrombo-embolism was in the fifth decade and tlic peak for fatal 
embolism in the seventh decade. 

Biliary tract operations produced the third greatest number of fatal 
embolisms and this was the ea\ise of death in 7.8 per cent of persons 
after such operations. Thrombo-emholism and fatal embolism first 
appear in the fourth decade. The decades where tliese arc found show 
no definite peak in any decade. 

Uterine and appendical operations tie for fourth place in the number 
of fatal embiilisms found, although the pos.'-ihiUties for fatal embolism 
might seem to have been grentt for the latter than the foinner. This 
docs not appear to lie true. ..s ;s shown in Tal’ie "t'. ".•here thrombo- 
embolism was present in 25.4 per cent of ulc itm operation.s .n lint 
J-O.fj per 'cei'li dd appendical operations. Likewise emboJ.l'u' s n’tal 
in 17.9 pcr.ictut -of i (lea ilis ‘foliowing uterine operations and caused 
death in hut O.i pf ee it after ;a]joration’« on tho' .appendix. It is to be 
neted'iiro'DTjWf^ l-li.'.rcg.‘i-jinpj{h'e appendix, th.at omboli.-'.n appeared 
•first in the sceom. dccad< a no' 'reached its'iicak in t.ho ,>3Vonth decade 
•of li e.. whereas no faml -alter a uterine’ oporatiuij was ob- 

served untibthe rnurt^' d-'cade. In both instances there is evidence of 
an increased ineidonce of tlirombo-emb-olism .and fatal embolism with 
.'.dvancin. age.-' ,, • . .. 

As mav be seen from Tables ITT, rV. a-'d Y. thrombo-. 'jdioli.stn and 
fatal embolism may follow operations on ost any part ol tli. b.nly, 
1 nt the oeciiirence of these coinplic.ations Is less frequent te.an with 
ihibC jdrst discussed. Examination ot T.able all will show that for most 
p.srts of the body the incidences of thrombo-emholism and fatal em- 
Isolism increase vdtii 'the age of the jjutient. 

“While it may he correct to say that certain operations are those most 
likely to be followed by pulmonai’y embolism, inspection of Tables III, 
IV, and V will indicate that before such a statement is made certain 
information aside from the site of operation must he considered. Two 
of these other considerations are very definitely age and sex. 

SUI.IMAKY 

A study of 25,771 autopsy records at the University of Minnesota 
has 'revealed that 4,070 of the deaths may be considered as postopera- 
tive. Among these, postoperative deaths there were 471 instances, or 
11.5 per cent, where thrombo-embolism was present and 216, or 5.3 per 
cent, where it was believed that pulmonary embolism was to be con- 
sidered as the cause of death. 
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Table I 

Noxfatal Postoplbative Pulmoxaey Emboiasaj and iNKAr'-^’ON 

= CONTOOL OnOD^ " l>ICtI.\rA^OL 

ANTICOAGULANTS NOT yj ,,si.pRKD 

ADMINISTERED 

NUMBER VEE CENT NUMBEE ; ‘EE CENT 
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Jlisio'-'t of Thromhoj)Jil chilis or Embolism Previous io Operation . — 
Sixly-onc pnlionts ivitli .1 liislory of tliroiiiboplilohitis or embolism pre- 
vious to oiieTiiiion ivorc given dicumarol bcgiiuiing on llic seeond ])Osf- 
oiieralivc day. In no ease did embolism, fatal or nonfat al, develop. 
In lu'O eases minor thrombopblebitis developed in supeificial varices, 
but in both the prothrombin deficiency ivas inadequate (jirotbrombin 
content of plasma greater than 30 per cent of normal). No other in- 
stances of tlu’ombo.sis developed. 

Propliyldccis After Abdominal Jlyslcrcclomy. — ^I^our hundred thirty- 
eight patients on -whom abdominal hysterectomy bad been performed 
and who bad not bad thrombopblebitis or embolism Avere given 
dicumarol for prophylactic purpo.ses beginning on the seeond post- 
operative day. This group was selected because of the rclatii'cly high 
risk, compared with those on whom other operations are perfonned, 
of postoperative thrombophlebitis and embolism (4 per cent) and fatal 
embolism (0.7 per cent), as noted in a previous .study.® No cmboli.sms 
dcA^eloped in the cases in Avhicli dicumarol was given. In tivo cases 
thrombophlebitis of veins of the calf developed after the patients had 
left the hospital and after the prothrombin liad returned to normal. 
. No other tliromboplilebitis developed. 

Prophylaxis After Other Operations. — Cases in wliich prophylaxis 
Avas gmu after other operations compri.scd the remaining 183 patients. 
No thrombophlebitis or embolism developed in these cases but the gj’oup 
is too small to permit statistical comparison Avith similar cases in AAdiich 
treatment was not given. 

RISK OF BLEEDING AMONG POSTOPERATIA'E PATIENT, S AFTER 
ADMINISTRATION OF DlCUM.AROIi 

The only hazard in the administration of dicumarol to postoperative 
patients is the risk of bleeding and Ave belieAm that it has been oAmr- 
emphasized. In Table III the incidence of bleeding in the 1,000 cases 


Table III 

Incidence of Bleeding Among Patients Treated Postoperatively 
With Dicumarol 



TOTAL 


MAJOR BLEEDING 

REASONS FOR DICUMAROL 
THERAPY 

NUMBER OF 
PATIENTS 
TREATED 

I NUMBER 

PER CENT 
OF 

TOTAL 

NUMBER 

PER CENT 
OF 

TOTAL 

Postoperative pulmonary em- 
bolism 

180 


2.8 

2 

1.1 

Postoperative thrombophlebitis 

138 


3.6 

1 

0.7 

Historj’’ of thrombosis or em- 
bolism at any time prior to 
immediate operation, (pro 
phylaxis) 

61 

1 

1.6 

1 

1.6 

Abdominal hysterectomy 
(prophylaxis) 

438 

20 

4.6 

12 

2.7 

Other operations (prophylaxis') 

183 

8 

4.4 

9 

4.9 

Total 


39 

3.9 

25 

2.5 
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is given. It M-ill be noted that the incidence is very small among tlioso 
patients who have already dcnionstraled a tendency to 11u-onihosis. The 
total incidence of bleeding has been definitely smaller during the past 
two years than it was before since we have hecome more. familiar with 
dosage and prevention and control of excessive and prolonged pro- 
tlu’ombin deficiency. Minor bleeding, as mentioned in Table III. con- 
sisted of mild epistaxis, microscopic hematuria, and slight oozing from 
wounds, which may or may not have been caused hy the ])rothroml)in 
deficiency, hlajor bleeding, when it occurred, almost always came from 
surgical wounds, particularly the vaginal wonnd among patients on 
whom total abdominal hysterectomy had hoeu peilormed. It was fre- 
quently controlled after one transfusion of blood or hy intravenous in- 
.ieetion of 64 mg. of menadione bisulfite. In a few cases repeated trans- 
fusions were necessaiy. One patient, who had a carcinoma of the third 
portion of the duodenum which entailed extensive resection with some 
trauma of the superior mosentei'ie vein and who was having continuous 
gastric di-ainagei ^yas given dicnmavol to prevent mesenteric thrombosis. 
However, only minimal prothrombin deficiency was produced, probably 
because of poor absorption of the drug. This patient had a massive, 
fatal gastrointestinal hemorrhage. It is nnlikel.v that the prothrombin 
deficiency produced or even aggravated the bleeding in this case. No 
other eases of fatal bleeding occurred among the 1,000 patients treated. 
In almost all instances of major bleeding the prothrombin Avas less than 
10 per cent of normal wlmn the bleeding occurred. "We feel that, if 
contraindications to the use of dieumarol are observed and there is care- 
ful individualization of dosage so that exee.ssivc prothrombin deficiency 
does not develop or is quickly controlled if it does develop, the danger 
of bleeding is very small. 


CONTR.VIXmCATIONS 

On the basis of our experiences Ave feel that the folloAving conditions 
constitute defiiiite contraindications to the use of dieumarol; (1) the 
presence of definite renal insufficiency; (2) the presence of definite 
hepatic insufficiency or hepatogenous jaundice, partieulaily if associ- 
ated with prothrombin deficiency; (3) subacute bacterial endocarditis; 
(4) purpura of any type; (5) blood dyscrasia AAotli tendency to bleed, 
and (6) recent operation on the brain or spinal cord. Dieumarol should 
he given cautiously to patients aa’Iio haAm (1) ulcerative lesions, open 
Avounds, or potentially bleeding surfaces; (2) Ammiting due to gastric 
or intestinal obstruction; (3) continuous or repeated gastric or in- 
testinal drainage, or (4) dietary or nutritional deficiency. If an op- 
eration is contemplated, ample time should he available for return of 
prathrombin to normal if dieumarol is administered before the opera- 
tion, If emergency operation is necessary on a patient AA'ho has pi'o- 
tlirombin deficiency oAA'ing to dieumarol, large doses of menadione bi- 
sulfite and blood transfusions should be giA'en to combat the prothrom- 
bin defieiencj’- before the operation is begun. 
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DOSAOT': AND I'KITQIJKKCV OV ADMINISTRATION 

The piTi-pose oC diciiinarol Ihcvaiiy is to produce a ecrlaiu degree of 
prothrombin ■ iDsnfficiciicy. As Avith many oilier polcnt drugs, there is 
considerable viirialiou in sensitivity to the drug among dilTerenl pa- 
tients. Alisorption of the drug from the intestinal tract jirobably varies 
in difCci'eiit cases and there is some evidence that, the eflcct may vary 
Avith the Aveight of the patient. The pi-esencc of fever, toxemia, and 
impaired nutrition al.so may influence the efl'cel but. there are still other 
unexplained differences in sensitivity. Foi’ these reasons it. is neces- 
sary to individualize carefully the rate of administration of the drug 
for each patient. 

AYe Avish to emphasize again that dicumarol .should not be used unless 
daily and consistently comparable prothrombin lime tests are done, 
since AAuthout these it is impossible to be certain Avhether insufficient, ade- 
quate, or excesswc and possibly dangcrons effects liaA'c been produced. 
We believe that only the Quielc pi-othrombin time test should be used 
for these determinations. ■ Because of the im])orlance of this test, some 
details regarding the technique and possible errors in comparative de- 
terminations should be mentioned. 

The actual performance of the test is not difficult. Whole -blood 
draAvn from a A'cin is added to tenth-molar sodium oxalate in the pro- 
portion of 9 : 1 . After a short period of centrifugation, 0.1 e.c. of plasma 
is placed in a small test tube and 0.1 c.c. of thromboplastin is added to 
the plasma. The tube Avith its contents is held in a constant temperature 
bath of 37 . 5 ° 0 . After a fcAV moments 0.1 c.c. of fortieth-molar cal- 
cium chloride is added and at the exact instant Aiheii it is added, a stop 
clock (preferably operated A\dth a foot pedal) is started. The tube is 
carefully agitated and then tilted at intervals to determine the moment 
at AAdiich a semisolid clot is formed; this is the end point and the clock 
is stopped. It is a sharp end point and can be duplicated by any teeh- 
nician Avho has had reasonable experience. 

It is obvious from the description of the method that if there Avere 
no variables except prothrombin, the test could be considered a simple 
one. Unfortunately, the thromboplastin is distinctly a variable under 
certain conditions and the clotting time is dependent to a great extent 
on the activity of the throniboplastic substance. At the Mayo Clinic the 
thromboplastin Avhich is used in the test is prepared from dried rabbit 
brain according to QuickCs original method,®’ that is, Avithout previous 
extraction Avith acetone. AYe obtain a normal prothrombin time Avith this 
thromboplastin of seventeen to nineteen seconds. Some Avorkers, hoAv- 
eA’’er, folloAv Quick’s modification of his earlier method. In this modifi- 
cation he extracted the brain Avith acetone previous to the drying proc- 
ess. AYith this substance Quick obtained a nonnal prothrombin time of 
tAvelA’e to thirteen seconds and, Avith this, more actii'e preparation times 
for A'arious levels of prothrombin deficiency are all correspondingly 
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lower but by no means exactly sue seconds lower for each level. Tlirom- 
boplastins which give still difl'erenl normal prolhronihin Ithd there- 
foi^e different and incomparable limes for various levels of prothrombin 
deficiency have been u.scd liy other workers. Varialiojis in results also 
may occur because two batches of thi’oinbopla.stin whieli' r.re made up 
in the same way and which give identical prothrombin times for nor- 
ma plasma may not give identical times for a plasma with a moderate 
or marked prothrombin deficiency. As a result of our clinical ex- 
peiiences wdtli dieumarol we found that prothrombin times of twenty- 
seven seconds, thirty-five seconds, and sixty seconds were indicative of 
certain important levels of prothrombin deficiency. However, such 
piles ate meaningless to another worker using a different thrombo- 
plastin of different activity. 


If nornid plasma is diluted ivitb prothrombin-free plasma so that 90 
pel cent, pei cent, and so forth domi to 10 per cent solutions of nor- 
ma^ p asma are obtained and prothrombin time tests are done on these 
vpious diluted samp}e.s, a curve can be plotted which mil indicate pro- 
liirombm tunes &r various percentage levels of prothrombin deficiency. 
An almost identical curve can be obtained if the dilution is made with 
physiologic solution of sodium chloride, except that it is more difficult 
0 read end points m the higher dilutions. It is noteivoi'thy that this 
curve is not a straight line. For example, the first few seconds’ in- 
crease m the prothrombin time indicates a great decrease in the pro- 
rom m pepentage of normal but wlien the protlirombin deficiency 
comes marked, many seconds’ increase may mean a difference of only 
ew per cent in the concentration of prothrombin, 

anv indicated in the previous paragraph, 

a set of nr uiifaiowm potency can determine 

dir!L times for that thromboplastic substance w^icli in- 

prothrombin deficiency and if certain pro- 

deUvm n considered important levels, he can easily 

ermme their equivalents in prothrombin times. 

even uSn nLn'^, thi-omboplastic substances, 

of havino- rrv-n^'^t^ fi ^ method, and because of tlie importance 

test is used as results from day to day irhen tlie 

plastic rnttL"" therapy, each new batch of tlirombo- 

methods FitlipV T cheeked against the one in use by one of two 
gives the sftf f/ "" T ^^^“"'^'^Ptastin should be selected which 

degrees or a T)m°au”f- ®^®nt plasmas ivhich are deficient to varying 
of tbrombonlnsii' T+ ‘^nrve should he plotted for each neiv batch 

on the same 

will be shown IitPi ti . t is more than t\venty-four liours old. As 
ceMnl d eZ. T u P^'otlnvmhin times for patients re- 

auXo “Ll’S:™ ■ “ 30 pc- cant, 

P ma. Deteiminatioiis on othoi' dilijtions are 
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aclually not necessary. It may be prefera})lc fj'om Ibe .standpoint of the 
clinieiait c' surtroon who is .siijicrvising the adinini.st ration of dienmarol 
lliat the reports be given in pcrccntatie.s of normal pi’otlirombin ratlier 
than in seconds..,,, 

Onr cxpe.ricr-ce in the 3,000 ca.sos in wliich dienmarol was used has 
been that with the thvomhoplnstic substance wduch we have used, 
tlu'ombosis or embolism almost corlainl.y did not develop if tlie pro- 
thrombin time was greater than tAventj’'-sevcn seconds, the time Avliicli 
corresponded to that of 30 per cent normal plasma, and tliat definite 
bleeding did not occur if the prothrombin time Ava.s lc.ss than sixt.v sec- 
onds, the time Avhich corresponded to that of 30 per cent normal plasma. 
We have adopted arbitrarily tliirfy-fivc seconds, tlic time for 20 per cent 
normal plasma, as the key point in dccidin,!? about tlic dosage. 

Dienmarol is eft’cctiA'o Avhen administered orally. A satisfactory 
preparation for parenteral administration has not been developed. We 
have endeavored to simplify the plan of admitiist ration as far as pos- 
sible in order to keep the ])rothrombin level between 30 and 30 per cent 
of normal for each individual patient and wc I'ccommend the followi.ig 
plan of dosage: The entire amount of the drug for each day is given 
in a single dose. The fii-st day 300 mg. arc given and 200 mg. are given 
the second dajE Two hundred milligrams are given on each succeed- 
ing day that the prothrombin is greater than 20 per cent of nonnal. If 
it is less than 20 per cent of normal, no dienmarol is given on that daj'. 
Exceptions are occasionally made as follows; If the prothrombin is 
dropping rapidly, but is still slightly greater than 20 per cent, no drug 
is given. If it is rising rapidly, but has not quite reached 20 per cent, 
a dose is given on that day. In the occasional patient wlio is found to 
be quite hj'persensitive to the drug, it may be advisable to reduce some 
or all of the doses to 300 mg. In the occasional case of resistance, it may 
be advisable to increase them to 300 mg. For patients Avho have never 
had thrombosis or embolism and to whom the drug is given pin-ely for 
prophylaxis, it may be advisable to omit the dose on the second day in 
order to be sure that the patient is not hypersensitive. 

It must be re-emphasized that definite prothrombin deficiency does not 
develop inunediately after the drug lias been giA-en. Effective levels are 
not reached for tAventy-four to forty-eight hours and sometimes for a 
considerably longer time. If a rapid anticoagulant effect is desired, for 
example in a case of a large pulmonary embolism, administration of 
heparin and dicuinarol should be started simultaneously. The pro- 
thrombin time may be used as a guide to the dicumarol effect alone 
if the blood is draAvn for the test from three to four hours after an 
injection of heparin is given. Administration of heparin shOnld be 
stopped as soon as the prothi'ombin has dropped to 20 per cent of 
normal. In dealing Avith patients Avho haAm had thrombophlebitis or 
a small pulmonary embolism Ave haA'e rarely used heparin in addition 
to dicumarol and haA'^e almost never encountered a second episode of 
thrombosis or embolism during the one to three days Avhich have elapsed 
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between the beginnin^^ of administration of diexnnarol and the develop- 
ment of adequate prothrombin deficiency. Also it must be re-eiiphasized 
that the prothrombin deficicnej’' may continue for from two to -ten days 
after the last dose of dicumarol has been given. Daily prothrombin 
time tests should be continued until near normal levels of prothrombin 
have been reached. 

We have maintained the prothrombin deficiency produced bj" dicu- 
marol at levels between 10 and 30 per cent of normal for as long as 
three months among postoperative patients without imtoward eifeet, 
without evidence of other impairment of .hepatic function as measured 
by the ordinary tests, and with prompt return of ]U’othroinbin to normal 
vithin a few days after the administration of the drug was discontinued. 

The prothrombin deficiency should be maintained until .several days, 
preferably a week, after the patient has become amhulatoiy. The 
thrombosing tendency has almost eertainh’ di.sappearcd by that lime. 
However, it must be emphasized that when the prothrombin has re- 
turned to noraial there is no further protection against thrombosis. 

CONTROL OF BLEEDIXG -V-ND EXCES.SI\T3 PROTHROJtBIN DEFICIEKCY 

If, because of hemorrhage or abnormally high protlu’ombin times, it 
is advisable to lower the prothrombin time, this usually can be accom- 
plished by the transfusion of 500 e.c. of fresh citrated blood (bank 
blood may be ineffective). It may be necessary to transfuse blood 
several times over a period of two or three days, since there is a tend- 
ency for the prothrombin lime to increase again after two to six hours 
have elapsed. Tlie effect of blood transfused for such a purpose ap- 
parently is due simplj’- to a replacement of protlirombin, and blood 
which has been .stored for more tlian twenty-four hours in the icebox 
ma 3 ^ have lost much of its protlu'ombin. 

In the original studies on dicumarol it was found that the admin- 
istration of Avhat were considei’ed to be tlierapeutic doses of synthetic 
vitamin K did not inhibit the action of dicumarol or affect the hjq^o- 
prothrombinemia which liad been produced bj’’ dicumai’ol. However, 
it is now known that these doses were much too small. Overman, 
Stahmann, and Link^^ have pointed out that vitamin K inhibits the 
effect of dicumarol if given in large dases to rabbits. Shapiro, Eedish, 
and Campbell’® found that large amounts of sj-nthetic vitamin K, given 
hj^ mouth and inlramuscularlj'- to human beings, pi’evented the pro- 
longation of prothrombin time following administration of dicumarol. 
By the intravenous admini.stration of large doses of a special prepara- 
tion of vitamin Kj oxide, Davidson and IMaeDonald’'* were able in three 
of four cases to reverse to normal the prolonged prothrombin time in- 
duced by dicumarol. Lehmann’= reported that the use of large doses of 
meth.vlnaphthoquinone dihydrosulfale given orally with blood trans- 
fusions resulted in cessation of hemon-hage which had followed admin- 
istration of dicumarol. 
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In the course of this study incnadioue hisidfite,*’ usually in a single 
dose of •j-l- ni'r., was adminislcrcd iulravouously lo lliii-ty-sevon patioiils 
-.uuoug wboia au execssivc deficicuey of ^n'otlwomlnn had developed after 
adininisli'atiou of dieumarol. All hut two jiaficiils responded satisfac- 
lorily to administration of menadione bisuHite. 3n thirty-two eases a 
marked and relatively rapid lowering of prothrombin lime occurred, 
and in the other three, althoujih the ros]>onsc was not {^roat, the pro- 
thrombin time fell to Avilhin safe, limits. No toxie or untoward reactions 
followed administration of menadione bisuiritc.'" 

Bleeding which had occurred in three eases after administration of 
dieumarol, ceased after administi’ation of menadione bisulfite in two 
cases and after administration of menadione bisulfite and a blood trans- 
fusion in the third case. 

Patients may be encountered Avho are sensitive to dieumarol and 
whose prothrombin may fall to less than 10 per cent of normal after 
the fimt one or two doses or after, sulxsequcnt doses. Ninety-three such 
patients (27 per cent) were encountered in a consecutive series of 340 
who received dieumarol. Jlo.st of those were patients who had not had 
thrombosis or embolism. It is in this group that bleeding may occur, 
although it actually occurred in only three of these series of ninety- 
three. The safest procedure is to give a large dose (60 to 64 mg.) of 
menadione bisulfite intravenously to all patients whose prothrombin 
falls below 10 per cent of normal after administration of dieumarol and 
to use smaller doses of dieumarol thereafter. If bleeding of any serious 
or alarming degree occurs among iiaticnts who are receiving dieumarol, 
a large dose of menadione bisulfite should be given intravenously and a 
transfusion of fresh citrated blood should be given. Subsequent trans- 
fusions of blood should be given once or twice daily until the bleeding 
stops. The actual risk of bleeding is small among postoperative pa- 
tients if the method of dosage and control mentioned previously is fol- 
lowed. It is particularly small among patients who have had some 
thrombotic or embolic episode (Table III). 


COMMENT 


When properly used, anticoagulant therapy Avith dieumarol and oc- 
casionally Avith heparin also for the first fcAV days appears to us to be 
the most satisfactory method to date for the prevention of fatal post- 
operative pulmonary embolism. The risk of bleeding is minimal and if 
bleeding occurs it can be satisfactorily controlled. HoAvever, the pro- 
thrombin must be kept between 10 and 30 per cent of normal if the 
treatment is to be effective and safe. As opposed to ligation of one or 
Imth femoral or common iliac veins, anticoagulant therapy prevents 
venous thrombosis throughout the entire body. It is relatively simple, 


tesv^of the'^AUhnt? bisulfite was “hykinone” supplied through the cour- 
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does not involve fnrtlier surgical procedures, and does not produce com- 
plete obstruction of veins containing thrombi -ivliich . might undergo 
partial or complete involution. Therefore, it does , not^ increase the 
hazard of chronic venous insufficiency of one or botli legs with its dis- 
abling late complications. 

Anticoagulant thei’apj’ seems to us parliculai'ly the preventive method 
of choice in eases of nonfatal postoperative pulmonaiy embolism or in- 
farction in which the source of the embolus is not detectable clinically, 
in cases in which thrombosis or embolism has occurred prior to opera- 
tion, and in those in Avhich thrombosis or embolism has not occurred 
but in which it is thought tliat tliere is increased ri.sk of these complica- 
tions. Even in cases in which known venous throml)Osis is pre.sent, 
anticoagidant therapy nill prevent embolism because embolism develops 
only if a fresh thrombus develops. The old clots remain attached to the 
wall of the vein. 

SUaiMARY 

Dicumarol has been given to 1,000 patients for tlie purpose of pre- 
venting postoperative venous thrombosis, pulmonary embolism, and 
thrombophlebitis. We have found it effective in preventing these com- 
plications in cases in which there has been nonfatal pulmonary embo- 
lism, thrombophlebitis or a histoiy of previous thrombosis or embolism, 
and when the drug has been given prophj-laetieally when no thrombosis 
or embolism has occurred. There is a small risk of bleeding. This can 
be further minimized by proper administration of the drug and rapid 
control of excessive prothrombin deficiency. Dicumarol should not be 
given unless dailj" and consistentlj’’ comparable Quick prothrombin time 
tests are done. Consistently comparable prothrombin time tests depend 
on the use of thromboplastins of constant potency or on the checking 
of each new batch of thromboplastin Avith various dilutions of normal 
plasma. During the administration of dicumarol the prothrombin should 
be kept betAveen 10 and 30 per cent of normal. Excessive prothi’ombin 
deficiency produced by dicumai’ol can almost ahvays be controlled ly 
the intravenous administration of large doses (60 to 64 mg.) of menadi- 
one bisulfite (synthetic vitamin K). If bleeding occurs as the result 
of excessive prothrombin deficiency, it can be controlled bj' transfusions 
of freshlj'- draAvn citrated blood and intiuA'cnous administration of large 
doses of menadione bisulfite. 
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SURGERY OF DEEP VENOUS TIIRO^MBOSIS OF 
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School of Medicine and of the Gallingcr Municipal Hospital) 

O NCE throml)osis of the pcriplici-al A'cins has developed, the objects 
of treatment are to limit propagation of the thromlnis, to prevent 
})ulmonary emliolism, and to correct the local impairment of circnlation. 
The method selected for obtaining these objects de])ends npon the type 
of thrombosis and the presence or absence of pulmonary embolism. At 
the present state of our knowledge, the only practical method in the great 
majority of cases is by surgical ligation of the ap])ropriate vein above 
the level of thrombosis. Our purpose in this rc])ort is to jn’esent the 
experience with ninety-eight ligations of the major veins of the lower 
extremity for the treatment of deep vein thrombosis in eighty-four con- 
secutive eases. 

CLASSIFIC.VTIOX 

There are too many gaps in the fundamental knowledge of the etiology 
of venous thrombosis to allow a comprehensive classification. In general, 
however, cases involving the lower limb can be divided into two main 
groups: Acute thrombophlebitis and .simple thrombosis (phlebolhrom- 
bosis) . 

In acute thrombophlebitis, there is antecedent or concomitant in- 
flammation of the vein wall. Tlie clot forms on the intima, is firmly 
fixed, grows by accretion, and tends rapidly to fill the lumen completel.v 
along the involved segment. Acute iliofemoral thrombophlebitis is a 
typical example. The symptoms of this condition arise partly from 
inflammation and occlusion of a major vein and partly from reflex 
arterial spasm.’’ - Release of the vasospasm by means of lumbar sym- 
pathetic block (px’ocaine) promptly relieves the symptoms of ischemia 
and limits extension of the thrombosis. \Vith this form of treatment, re- 
covery from the acute phase is usually complete within seven to teir 
days, and the irltimate results are most gratifying. Occasionally, ])ul- 
monary embolism follows detaclrracnt of a fresh thrombus which has 
formed above the inflamed segment of vein. In this event, ligation of 
the vein above the thrombus is the only safe method for preventing 
recurrent embolism. 

Simple thrombosis (phlebothrombosis) most common^" begins in the 
small deep veins of the foot or leg. It differs from acute thrombophlebitis 
mainly by the absence of important infiammatorj’ reaction in the early 
phase, by its tendency to propagate rapidly, and by the ease with which 
it becomes dislodged to cause pulmonary embolism. 
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BetAvoen tliosc tno distinct, types of venous tlivoin1)Osis are many inter- 
mediate fon.is, Avliich do not fall readily into any scheme of classifica- 
tion. ,VctualIy, most of the ea.ses in this intermediate group undoubtedly 
begin as phlebothrombosi.s. fjatei’ a secondary inflammatory reaction 
may develop in and around the vein wall, so that the picture of acute 
thrombophlebitis is simulated. ITowever. even at this stage the clot may 
not be firmly fixed to the endothelium and dislodgment remains a 
potential hazai’d. The existence of this intermediate group, plus the 
fact that embolism is occasionally seen in cases of typical acute thrombo- 
phlebitis, detracts greatly from the utility of the prasont system of 
classification. The eighty-four cases with which this presentation deals 
were all characterized by thrombosis of the type which begins in the 
lower leg and which shows a strong tendency to ])ropagate. No attempt 
will be made to divide them into groups. 


ETIOLOGY 

The exact causes of intrava.scular clotting are still a mystery. Since 
this paper entails a purely clinical approach to one phase of venous 
thrombosis, it seems permissible to omit from discussion much that 
has been A\Titten about the etiolotry of the condition. From a clinical 
viewpoint the etiology of jieripheral venous thrombosis is mainly a con- 
sideration of pi'cdisposing causes. In the eighty-four cases which are 
the basis of this report, some of the more important predisposing causes 
are shovm in Pig. 1 and Table I. 

Sex . — Of the eight}--four cases, fifty-five of the patients were men and 
twenty-nine were women. The incidence of the type of venous thrombo- 
sis for Avhich surgical treatment is indicated is therefore considerably 


Tabi-e I 

Predisposing Disease or Condition and I.voidence or Puii.\iONARY Embolisji in S4 
Cases of Deep Venous Thrombosis of the Lower Extremity 


disease or condition 


None (spontaneous) 

Postoperative 
Heart failure 
Pulmonary tuberculosis 
Pneumonia 

Disease or injury of lower extremity 
Practure '' 

Cellulitis 
Gangrene 
Sprain 

Injected varicose vein 
Arthritis of knee 
Pregnancj’ 

Severe burns 

Prostatism 

Meningitis 

Cachexia 

Influenza 


4 

3 

2 

I 

1 

1 


Totals 


NUMBER OF 
CASES 


CASES WITH PUL- 
MONARY EMBOLISM 


20 

20 

12 

S 

5 

12 


2 

1 

1 

1 

1 

1 


84 


11 

10 

7 

1 

3 


39 
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higher in men tiian in women. This finding is in {igroQincnt witii other 
reports.®' It is contrarj’^ to the experience with acute thiuir.tiophlebilis 
in which tlie ratio of women to men is reported as 3 .-2.® 

Age. Any type of peripheral venous thrombosis is very rai’C in *he 
firet tvo decades of life. The type with wliieh we arc dealing is not 
common until the fourth decade, and the majoritj' of cases are after 
the fourth decade. About 70 per cent of the eighty-four cases involved 
patients over 40 years of age. This is in fairly close agreement with the 
findings of Allen, Linton, and Donaldson® who i-eportcd that 81 per cent 
of 202 patients with thrombo-embolie disease were over 40. 




Fig-. 1.- 


AGE INCIDENCE BY DECADES 


Predisposing factors in etiologj- of eighty-four cases of deep vein thrombosis. 

Predisposing Diseases or Conditions.—T'hQ idea has been prevalent 
or j ears that thrombosis of the deep veins of the lower extremity is most 
common following pregnancy and abdominal operations. Hunter and 
demonstrated at necropsj^ however, that in middle-aged 
Ipw 1 ? ^ patients the incidence of thrombosis of the deep veins of the 

ton “ medical and surgical patients. Purthennore, Hamp- 

bobgm fin found that in 370 autopsy eases of pulmonary em- 

cases. ’ medical cases and 40 per cent in surgical 

opSatiTC 

wore ortbLo^n ^ ^ operations were on the abdomen, three 

one was a Inmb removal of a. brain tumor, and 

bar sympathectomy for frostbite of the foot. This last 
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cnse is of particular interest because the throin1)nsis developed about 
eight days after a successful right luniiwr synipathcetoniy. Tlic tlu’ombus 
was located in the lower part of the right femoral vein, as dcinonsti’ated 
by means of a venogram. Pulmonaiw embolism resulted in this case 
before the femoral vein was ligated. 

There were also twenty cases in which thrombosis of the deep veins 
of the lower limb occurred spontaneously in individuals who were 
pursuing their usual routine of life. In four of these ea.se.s, thrombosis 
started in varicose veins and extended into the deep veins. In the re- 
maining sixteen cases there was no history or evidence of pi’cvious disease 
of the veins, and the thrombus originated i)j the fibial veins. There 
was considei'able variation in the types of activity in which the patients 
were engaged at the time of onset. Some of the activities included 
prolonged sitting in a cramped position, undressing in a Pullman berth, 
walldng uphill while carrying a hca\y load on the back, lifting a heavy 
weight, hildng to the point of fatigue, and prolonged standing at work. 
It is possible that there is one factor common to inanj' of these cases, 
nainelj’', distention and delayed emptying of the veins. 

There were twelve cases of thrombosis in patients uath heart failure. 
There was onl,v one patient in thi.s;group less than 40 years old. The 
average age was 54 years. All of these patients had severe heart failure 
at the time of development of venous thrombosis. The factors which 
predispose to this complication’ in cardiac patients include venous 
stasis,® prolonged Ijcd rest and free \isc of sedatives in treatment of the 
disease,^ and possibly digitalization.^® It is a curious fact that all of 
these factors prevail in children with heart failure, but thrombo-enibolic 
phenomena are quite rare.^^ 

Twelve of the eighty-four patients bad thrombosis seeondaiy to disease 
or injury of the lower extremity. Six of these resulted directly fi-om 
injuiy to the bones or soft tissues of the extremity. Three followed 
cellulitis of the foot and leg. Two resnlted from gangrene of the toes. 
The remaining case was one of seA’ere arthritis of the knee. In all of 
these eases, with the possible exception of the last-mentioned, it is easy 
to conceive that the veins of the leg may have been directly involved 
by the disease or injury. In gangrene due to vascular diseases of the 
lower extremity, thrombosis of the deep veins is quite common. This is 
usually attributed to the slowing of the venovis blood flow because of 
the diminished volume of arterial circulation. The prevalence of 
femoral vein thrombosis following thigh amputation has been empha- 
sized by Veal,^- who demonstrated a considerable reduction in the inci- 
dence of pulmonary embolism by high ligation of the femox’al vein be- 
fore amputation. 

There were eight cases in patients with pulmonary tuberculosis who 
were on a regimen of strict bed rest. This group is of particular interest 
to us because of the slight attention that has been given to the vascular 
system in patients Avith this disease. 
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111 the five eases of pneumonia, the palienis ivere all seriously ill at 
the time that venous thrombosis dcveloiiecl. The remaining cases need 
no special comment. 

It is ohiuons that in all of the eighty-four eases except the ones ela.ssed 
as “spontaneous,” the conditions which predisposed to venous thrombosis 
were mainly ones in which jii-olonged rest in bed ma}' have been the prin- 
cipal factor in the pathogenesis of the disease. We have omitted from 
analysis certain other conditions which arc known"' ® to predispose to 
venous thrombosis, including obesity, infection, anemia, and malignant 
neoplasm. 

S V:M I’TOM-VTOnOG Y 

In the eighty-four cases the symptom Avhich first drew attention to the 
existence of thrombosis of the deep A'cins of the lower extremity Avas pain 
in the leg in sixty-one cases, 0A*idence of pulmonary embolism in sixteen 
cases, and sv’elling of the leg in se\'en eases. The incidence of additional 
signs of the thrombosis is shoAvn in Table II. 

There aa'bs great A'ariatioii in the tA^pe and degree of pain in the leg in 
the sixty-one cases in Avhieh it Avas a prominent SAuiiptom. Almost ahraj's 
the pain Avas located in the calf. In our experience, pain in the foot is 
a rare presenting symptom. In the patients aa’Iio Avere Avell and active 
at the time of onset, the pain iisuaUj’’ began suddenly and Avas sharp, per- 
sistent, and Avell localized in the calf. In bedridden patients the pain 
AAns Amriably described as constricting, aching, boring, or burning. Often 
the discomfort AA'as intermittent, AA’ith or Avithout reference to movement 
of the leg. On occasion, the pain Avas noticed for the firet time AA'hen a 
patient AA'ho liad been kept in bed AA'as alloAved to stand. In general, the 
pain was less severe and less Avell localized in the case of patients in 
bed. In many instances the patient noted that the pain extended in time 
from the calf into the popliteal region or thigh. The pain AA'as almost 
never so sCA'ere as is seen in cases of acute iliofemoral thrombophlebitis. 

The manifestations of pulmonary embolism as a presenting sj-mptom 
AA'ill be discussed separately in a section to folloAA'. 


T-able II 

IxciDEXCE OF A^arious Sigxs IX 84 CASES Or DEEP A’’exous Thrombosis of the 

Loater Extremita' 



[ present I 



SIGX 

SIGNIFICANT" 

1 not j 

1 ABSENT j 

NOT 



1 SIGNIFICANT 1 


HECORBED 

Edema 

72 (90%) 

0 

s 

4 

Calf tenderness 

78 (96%) 


3 

3 

Homans’ sign 

68 (92%) 

0 

6 

10 

Fever 

12 (14%) 

41 

31 

0 

Tacliyeardia 

18 (21%) 

49 

17 

0 


•The percentage figures in this column were obtained af.er excluding cases in which 
no record was made of the sign. 


There AA’ere only seven cases in AA'hicli edema of the foot or foot and 
leg was the first eA'idence noted of A’^enous thrombosis. These Avere all 
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patients avIio were bedridden. In snine of lliein (be edema was erro- 
neously ascribed at first to some other cause. We mention (liis fact only 
to emphasize the imiiorlaneo for the safety of the ]>ationt of remember- 
ing the possibility of venous thrombosis in any ease of edema of the lower 
extremity. This i.s probably just as true whether or not there .seems to 
be another obvious cause for the edema, such as heart failure or malnutri- 
tion. Although edema was the least <-ommon iiresonting symiitom in tlie 
eighty-four cases, it was jiresent at some time before surgical ligation of 
the alTected veins in seventy-two cases. In four cases no record was 
made as to wliether or not there was edema. We liave included as in- 
stances of edema those eases in wliicli the only evidence of its ])rcsence 
was enlargement of the calf, as detected by comparative measurements 
of botli legs. 

The most common sign of all was irndcrness in .some ])orlion of the calf. 
This was elicited in seventy-eight of the cigbty-one patients wlio were 
examined for it. A good deal of care is necessary in testing for calf 
tendei’ness. The patient’s leg should be .slightly fle.xcd, so that the 
muscles are relaxed. Finger-point palpation should he made along (he 
course of the deep veins, beginning at (be jdantar surface of tlie fool. 
Often the area of tcndcrnc.ss is quite small and well localized, but this 
is all the more significant. 

Forcible dorsiflexion of the foot witli the leg extended caused pain in 
the calf or popliteal area (Ilomans’ sign) in sixtA'-oiglit cases. The 
results of this test were not recorded in ten cases. There were only six 
cases in which the test Avas negative. Allen, Linton, and Donaldson-'’ 
reported this sign to he present in only 42 per cent of the cases in Avhich 
the test was applied. Onr experience, therefore, supports tlie contention 
of the author'^ who described the sign, tliat it may be expected to he 
found in a very high percentage of cases of tilnal vein thrombosis. Hoav- 
CA’^er, it should not be thought to be pathognomonic. It may be positive 
in a vai’iety of other conditions, including peripheral neviritis, paralysis 
AAuth foot drop, poliomyelitis, contusions Avithout deep vein thrombosis, 
and cellulitis of the leg. 

Fever and tachycardia, Avhich are almost ahvays present in acute ilio- 
femoral thrombophlebitis, are not very helpful diagnostic signs in the 
type of A’-enous thrombosis Avith Avhich Ave are here concerned. These 
signs are usually lacking in the early stages of the thrombotic process, 
unless some otlier cause for fcA’cr and tachycardia is present. In the 
eight-four eases, fifty-three patients had fever at the time a diagnosis 
of -s^enous thrombosis AA’as made. HoweA'er, in all but tAveLe of these 
patients the feA^ei' eonld be accounted for by tlie primary disease from 
AA’-hieh the patient Avas suffering or Iw pulmonary embolism. Sixty-seA’en 
patients had taclycardia, hut on the same basis of analj’sis it Avas 
significant of A’enons thrombosis in onls’- eighteen. 

Venograms AA'ere made in only tAAmnty-scA’en of the eighty-four eases. 
We haA'e not used this type of study routinely nor do Ave adA'oeate this. 
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The interpretation of venograms requires considerable experience with 
variations in normal venous patterns. Tliis fact, plus the knowledge that 
a diagnosis of venous thrombosis can usually be made, by means of 
simpler methods, limits the usefulness of the procedure. However, Ave 
have found that the venogi'am is an important aid in doubtful cases. In 
our experience a normal Amnogram usually excludes the diagnosis of 
thrombosis in the region studied. 


PULMONARY EMBOLISM 

In sixteen of this group of eighty-four cases, pulmonary embolism AA'as 
the initial symptom that directed attention to the venous thrombosis, and 
in twenty-three additional cases pulmonary embolism preceded surgical 
ligation. This incidence is someAvhat higher than A\'as reported by 
"Welch and Faxon,“ avIio state that approximatelj" one out of every three 
patients with deep phlebitis may be expected to have pulmonary em- 
bolism, HoAvever, it must be remembered that OAir figures deal only with 
cases in Avhich ligation of a vein Avas performed and do not include a 
statistical study of pulmonaiy embolism in all cases of venous thrombosis. 


PER 

CENT 



2. — Incidence of pulmonary embolism by decades in eiglity-four cases of deep 
vein thrombosis of lower limb. 


Pig. 2 shows the incidence of pulmonaiy embobsm by age in our cases. 
Of the patients in the third decade, 22 per cent had pulmonary em- 
bolism, and in the fourth decade, 35 per cent. Above the age of 40, 
slightly more than 50 per cent of the patients had pulmonary embolism, 
and there Avas remarkably little variation in the frequency of the com- 
plication in the different decades. 

It has been our experience that eases of Amnoms thrombosis are referred 
to the vascular surgeon in many stages of the thrombotic process. In 
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some cases the process is in an early phase, in others the disease has been 
present iov weeks or even months before snrsciT is considered. ^ The 
syniplomatobgj’ varies correspondingly. Of prime importance in all 
eases is the prevention of pulmonary embolism. Tlie .surgeon, therefore, 
must answer the following que.stion in each case; Is pulmonary em- 
bolism a potential danger, or has tin’s ease readied a "safe” period with 
respect to pulmonary embolism? IVc have already given the ansver 
to the first part of this question. In all cases of venous thrombosis there 
is at some time danger of embolism. Tlic latter part of the question is 
answered partially by the figures in Table III, This table shows the 
frequency of embolism in relation to the Itnown duration of the throm- 
botic process. The sixteen cases in which pulmonary embolism occurred 
before the venous tiirombosis was discovered are excluded from the 
table. The figures show that there is no "safe” period for all cases in 
the chronology of the disease up to four months. 

In our discussion of the classification of dee]> venous thrombosis we 
have pointed out that the clinical picture in any case is not a perfectly 
reliable means for deciding about the likelihood of pulmonary embolism. 
Simple thrombosis of the deep veiirs of the calf, by propagation of the 
thrombus and secondary iufiammatory reaction around the vein, may 
simulate acute iliofemoral thrombophlebitis, including massive edema. 
We have repeatedly observed at opei’ation in such cases that the 
thrombus in the iliac veins does not necessarily become fixed to the 
intima for days or even weeks. We have also found that repeated 


Table III 


Relation op Frequency op Pulmonary Embolism to Known Duration op Venous 
Thrombosis in C8 Cases in Which Pulmonary Embolism Was Not 
the First Manifestation 


duration of thrombosis 

TOTAL CASES 

PATIENTS WITH EMBOLISM 

Uncertain 

5 

3 

1 Day 

6 

0 

2 Days 

6 

1 

3 Days 

10 

1 

4 Days 

4 

0 

5 Days 

5 

3 

6 Days 

1 

0 

7 Days 

5 

2 

1 to 2 Weeks 

9 

2 

2 to 3 Weeks 

8 

5 

3 to 4 Weeks 

4 

3 

5 to 9 Weeks 

2 

0 

2 Months 

3 

2 

4 Months 

1 

1 


pulmonaiy embolism is common in these cases. Usually the emboli 
are small and arise from fresh clot engrafted on the older, organizing 
thrombus. We have recently observed at necropsy three examples of 
death from massive pulmonarj’' embolism in cases of acute iliofemoral 
thi'ombophlebitis (phlegmasia alba dolens). In each instance the em- 
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bolus originated from a fresh tlirombus engrafted on the older clot in 
the iliac vein. The vessels of the opposite extremity 'were entirely nor- 
mal. We mention these points in order to temper a reeent statement by 
Homans’'^ to the effect that if pulmonary embolism occurs in cases of 
phlegmasia alba dolens, “one can be reasonably ccitain that it comes, 
not from the vein of the swollen limb ])ut from the other, or innocent 
appearing leg.” Wo cpiito agree, however, that wlien one lower ex- 
tremity is the seat of venous thrombosis, the innocent -appearing limb 
should always be viewed uith suspicion. This will l)e borne out in the 
discussion to follow on embolism after venous ligation. 

One other question which deserves clarification concei'us whether the 
circumstances under which venous thrombosis develops have any direct 
beai’ing on the freqxiency of pulmonary embolism. The incidence of this 
complication in the various predisposing diseases or conditions in our 
eightj'-four cases is shown in Table T. We wish to emphasize par- 
ticularly that the incidence was eleven out of twenty in the cases in 
which venous thrombosis occurred in active, apparently liealthy in- 
dividuals. This fact certainly demonstrates that a patient, need not 
be bedridden to develop the tjToc of venous ihronibosis which leads 
to pulmonary embolism. 

Pulmonary embolism which occurs after ligation of a ma.ior vein may 
originate from one of se^’cral sources. The most frequent source is un- 
doubtedly from thrombosis in veins of the opposite lower extremity. It 
also may originate from a thrombus which forms in the ligated vein 
above the level of ligation, from veins in other parts of the body, or from 
thrombi in the right side of the heart. In nine of our eighty-four cases, 
the patient had pulmonarj- embolism after ligation of one or more veins. 
In each of these nine eases there had already been one or more episodes 
of pulmonary embolism before ligation. In five instances the embolus 
arose from the opposite, unoperated extremity, and in three the embolism 
was fatal. In four cases the embolus originated from a fresh thrombus 
above the point of ligation. In all of these the femoral vein had been 
ligated distal to the saphenous. 

In forty-five cases the appropriate vein or veins were ligated as soon 
as venous thrombosis was recognized, and in none of these did pulmonary 
embolism develop. 

OPERATIONS 

The sites of ligation of veins in ninety-eight consecutive operations in 
eighty-four cases are shown in Table IV.' It is interesting to note that 
the veins of the right leg alone were involved in thirty-five eases, the 
left leg alone in thirty-three cases, and both legs in sixteen eases. Thus, 
the frequency of thrombosis was about equal in the right and left lower 

*In this paper we have used the term "ligation” loosely. Actually, in almost all 
cases, the procedure has consisted of opening the vein for inspection, ligating above 
and below the opening, and dividing the vein between these ligatures. 
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extremity. This experience is somewhat at variain'o with the statistical 
report of Barker and his eo-workers'® to tlie effect that 1hrom])opIdcbiiis 
is about twice as eommon in the left lower extremity ns in the right. Of 
groat importance is the fact that in onr patients aI)out one-fifth Jiad 
venons thrombosis in both loM’cr exlrcmilie.s. 

Tabi.e IV 

Sites or Lig.\tiox ron TnE.vrME.vT or SJ C-\ses or Tbuomrosts or l^r.r.r Vein.s of 

IjOweu Extremity 


sites op aiGATlOK 

XUMRER OF CASES 

Bight femoral 

20 

Bight femoral (tliromhcctomv) 

1 

Left femoral 

in 

Left femoral (thromhecioniv) 

n 

Eight external iliac 

■1 

L>eft e.xternal iliac 

1 

Bight common iliac 

7 

Bight common iliac (tliroinbcctoiiiv) 

• > 

Left common iliac 

7 

Left common iliac (thromhcctomy) 


Inferior vena cava 

o 

Multiple operations 

Both feraor«*ils (simultaneous^ 

f. 

Bight common iliac and left femoral (siiiiul(aneoiis) 

1 

Both common iliacs (.separate) 

3 

Left common iliac (tliromhcctomv) and inferior vena 

O 

cava (thromhoctoniv) 

IjOit external iliac and inferior vena cnvti 

1 

Bight femoral and inferior vena cava 

1 

Total cases 

84 

(Total ligations, OS) 


As yet tire operative treatment of venous thrombosis is not completely 
standardized. In all reports there is consideralilc variation of opinion 
as to the level at which ligation should be done. We have attempted 
to follow one rnle: Ligate the affected vein above the level of the 
thrombus in a normal segment of I'ein just distal to a main tributary. 
By this means the entire pathologic process is trapped below the point 
of ligation. The main tributary assures an adequate flow of blood to 
diminish the chance of development of a fresh thrombus. This also ex- 
cludes a blind end of vein in whieli a thrombus may form. There is 
gi-eat danger of recurrent thrombosis when ligation is performed through 
a diseased segment of vein, although the clot may have been removed or 
may not have extended to this level. We liave had four eases of recurrent 
pulmonary embolism following ligation of the femoral vein through a 
diseased segment. We have had other cases in which a thrombus formed 
above the point of ligation tlirough a diseased segment and extended into 
the inferior vena cava, making a secondary and more hazardous opera- 
tion necessary. 

In eases in which, on exploration, a clot is found at the level of opera- 
tion, the eoiu'se to he followed depends upon tlie age of the thrombus 
and the condition of the vein wall. A fresh clot is Iflue, elastic, resilient, 
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and unattached to the intiina. This type of clot can ho removed safely, 
providing that the vein vail shows no sign of inflammation. When the 
vein wall is definitely inflammed, regardless of the appearance of the 
clot, it is safer to go higher and ligate the vein where it appears nor- 
mal. When the clot is old and organizing, it is browni.sh and friable. 
Thrombectomy is then dangerous because of the likelihood of di.slodging 
fragments of the clot. 

Ordinarily, poor general condition of a patient is a deciding factor 
against any form of surgery. However, in cases of pulmonary embolism 
from venous thrombosis, even the patient wlio appears liopelcssly ill is a 
candidate for ligation of the affected vein. iMany of our patients were 
operated upon when they were extremely ill as the result of multiple 
pulmonary emboli. The danger of another episode of emboli.sm seemed 
greater than the strain of operation. There were no deaths attributable 
directly to the operation. 

In each of forty -five cases, including multiple operations, one femoral 
vein was ligated. In four of these a thrombus was removed at the time 
of operation. In six additional patients both femoral veins were ligated 
at the same operation. In almost every instance the point of ligation 
was just distal to the entrance of the saphenous vein into the femoral. 
In none of these cases have we seen any evidence of subsequent thrombosis 
of the saphenous vein. The femoral vein was explored onlj’ in those 
cases in which it was believed from the clinical picture that the thrombus 
had not extended above the inguinal ligament. In a few eases the 
femoral vein was explored and found to be inflamed. The process there- 
fore was older than we had anticipated. In such cases the first incision 
was closed and the common iliac vein was ligated. 

The external iliac vein was bgated in only six cases. This vein is very 
accessible, but because of the problem of collateral circulation,^'^ ligatioTi 
at tlus level is less desirable than at the common iliac. 

Counting the eases in which multiple operations were done, a common 
iliac vein was ligated twenty-nine times. Ligation was done fo\irteen 
times on the right side, fifteen times on the left side. In eight instances 
a thrombectomy was perfonned at the same time. .All of these operations 
were done by means of an extraperitoneal approach to the veins. We 
have found that the left common iliac vein can almost always be exposed 
satisfactorily for proper exploration of tlie lumen of the vein preceding 
ligation. 

In six cases it was necessary to ligate the inferior vena cava; fo\ir 
times heeanse of thrombosis in both iliac veins, and twice because of ex- 
tension of inflammation from the left common iliac vein to the wall of the 
vena cava. Pulmonaiy embolism had occurred before ligation in all of 
these eases. In five instances the thrombosis originated in the tibial 
vems. The sixth case was one of typical iliofemoral thromhophlehltis 
which had seemed to be responding well to treatment by means of re- 
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peated infiltration of the lumbar syin])a(hclie ganglia Avilli procaine 
solution. After all evidence of the inflammatory phase of the disease 
had subsided, the patient developed pulmonary embolism. At operation 
it was found that the lower part of the inferior vena cava was inflamed 
and that a clot projected into its lumen from the left common iliac vein. 
There was no involvement, of the veins of the other lower extremity. 

In Table IV the types of multiidc ojicvations are listed separately. It 
is to be imderstood that in each instance the multiple o])cration was 
necessaiy because of obvious signs of pathologj' in the veins ligated. 
About one in every five of our ])atien!s showed positive evidence of 
bilateral involvement. There may have been othci’s in which the disease 
was not recognized to be bilateral.' We are in agreement with the 
thought^ that bilateral ligation probably should be done more frequently. 

RESULTS OF OPERATIVE THERAPY 

As stated earlier, the objects of treatment of thrombosis of the deep 
veins of the lower extremity arc to prevent pulmonary embolism, to limit 
propagation of the thrombus, and to correct the local impairment of cir- 
culation. Evaluation of the results of operatA'c therapy must be made 
in the light of these objects. 

There is no question that ligation diminishes the likelihood of pul- 
monary embolism. In forty-five cases in which pulmonary embolism had 
not preceded ligation, there was no instance of embolism subsequent to 
ligation. In view of the fact that Welch and Faxon’'* estimate that the 
chances of developing pulmonaiy embolism in the type of venous throm- 
bosis under discussion are about one out of three, this is indeed a signif- 
icant achievement. Of thirty-nine cases in which pulmonary embolism 
occurred before ligation, nine patients also had embolism after liga- 
tion. In the light of the experience gained in the management of these 
cases, most of the postligation embolisms could have been prevented. In 
five instances the source of embolism was the opposite, unligated side. 
In the other four the origin of the embolus was in the femoral vein 
above the point of ligation, and in three of these the vein showed definite 
inflammation at and above the point of ligation. Therefore, in eight of 
the nine cases of postligation embolism, the recurrent embolism was the 
result of inadequate surgical treatment rather than a fault of the prin- 
ciple of treatment. 

Ligation of a deep vein at a normal segment above the level of 
thrombosis will unquestionably trap the clot already formed and will 
prevent the formation of a thrombus above the point of ligation in almost 
every case. Thus, only one out of eighty-four patients developed throm- 
bosis above the level of ligation Avhen these principles were obseiwed. 
In addition, it has been our impression that after ligation there is less 
tendency of the thrombus to extend in the Amins beloAA’^ the leAml of liga- 
tion than Avhen the disease is all 
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fore, surgical treatment effects a saving in patent venous eliainiels whieh 
vull be availal)lc for the development of collateral circulation. 

Ligation cannot l)e expected to remove the venous obsl ruction that 
has alreadj^ developed. In many instances, it temporarily increases the 
obstruction. The dogi-ec to which this local impairment of circulation 
will be corrected depends upon the adequacy of the collateral circulation. 
This in turn depends upon the extent of the thrombosis and the number 
and size of veins available as collateral channels. The pqint of ligation 
also affects the efficiency of the collateral circulation. AVe have found 
that patients in whom the inferior vena cava or common iliac vein is 
ligated usually develop a more complete collateral circulation than those 
in whom the exteimal iliac or femoral vein is ligated. 

The functional restoration of the involved cxtj'omity after ligation 
is excellent. Pain, which is a common complaint before ligation, quickly 
disappears. In some cases the relief of pain is dramatic. Aba.sospasm, if 
present, is usually abolished very promptly. However, in this series, 
ligation provoked arterial spasm in three case.s, which are to be the sub- 
ject of a separate report.^" Edema, a very frequent finding before 
operation, is sometimes temporarily increased following ligation. The 
edema usually subsides after a few days of rest and elevation of the 
extremitj'. It has generally been our policy to have the patient wear an 
elastic stocking when activity is resumed. This is worn until edema 
no longer develops as a result of activity. It has been of special interest 
to us to follow the progress of the cases in which the inferior vena cava 
was ligated. The complete restoration of function in these cases that 
were seemingly hopeless at the time of operation ha.s.bcen most gratify- 
ing. 

In this series of eighty-four eases there were seven deaths. Three 
resulted from recurrent pulmonary embolism, originating in the un- 
operated extremity. Four patients died from tlie combination of their 
original diseases and preoperative multiple pulmonary embolism. 

SUJmARY AND CONCLUSIONS 

1. We have presented data on eighty-four cases of thrombosis of the 
deep veins of the lower extremity treated by ligation of the affected veins. 

2. A total of ninety-eight ligations were performed. The sites of 
ligation were the inferior vena cava (six times), common iliac vein 
(twenty-nine times), external iliac vein (six times), and femoral vein 
(fifty-seven times). 

3. In forty-five cases in which ligation was perfoimed before the 
development of pulmonary embolism, there were no instances of this 
complication. In thirty-nine cases in which the operation was done 
after at least one episode of pulmonary embolism, there were nine cases 
of postligation embolism. 

4. There were no deaths as a result of operation. 
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5. Ligation therapy effectively limits tlic propagation of a tlirombns, 
prevents pulmonary embolism, and permits more ]’apid and jnorc com- 
plete restoration of Linetion of the involved extremity. 
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THE SURGICAL THERAPY OF TlIROiMBOSIS OI’ THE DEEP 
VEINS OF THE LOWER EXTREMITIES 

Jacob Pine, ]\I.D., and Aknodd Stark, jM.D., Boston, !^Iass. 

(From the Surgical Service^ Beth Israel Hospital anil the Department of Surgery, 

Harvard iledical School) 

T he most important achievement of the past few years in relation 
to pulmonarj’’ embolism is the giwving rcalizalion that embolism 
occurs nearly always as a consequence of venous thromliosis in the large 
deep veins distal to the inferior r’ena cava. After IMurray and Best’ 
reported favorably on the administration of heparin to forestall the oc- 
currence of thrombosis or embolism, tliis therapy acquired widespread 
popularity, hut the expense and considerable annoyance to the patient 
incident to its administration led to its partial or complete abandon- 
ment among the advocates"' ^ of dieoumarin, which is cheap and given 
by mouth. Simidtaueously, witli the acceptance of these modes of 
therapy, a surgical approach to the problem came to the fore, largely 
owing to the observations of Homans,’' Avho among American surgeons 
at least appears to be the first to have deliberately ligated the common 
femoral vein to forestall the discharge of an embolus. There followed 
a number of contributions’''® from various clinics on the virtues of the 
more or less routine adaptation of Homans’ maneuver and those clinics 
have, to date, persisted in this surgical approach in preference to the 
use of either heparin or dieoumarin. 

Statistical data on the prophylactic value of any and all of these 
methods are of dubious validity because of the impossibility of assessing 
the incidence of venous thrombosis in the patients studied, since it is 
now quite clear from autopsy evidence that a large percentage of peo- 
ple have this condition without subjective or objective emdenee of its 
presence. Sloreover, an unfortimately high percentage of infarctions 
and fatal embolisms occur in the absence of all signs of the thrombosis 
responsible for them. What remains as a basis for selection of one of 
the three methods of therapy is perhaps the clinical impression of the 
efficiency of these agents once the thrombosis is known to exist. Those 
who prefer the surgical approach do so usually because of the dangers or 
demonstrated futility of hepai’in or dieoumarin in individual instances. 
For our purpose it udll suffice to refer to two recent reports on dicou- 
marin. Evans® recommends it as the method of choice in spite of the 
fact that of fifty-five patients to whom it was given, eight developed 
postoperative hemorrhage sufficient to cause death in two and in spite 
of the fact that two patients discharged emboli (one of which was fatal), 
one during the administration of dieoumarin and one after the admin- 
istration Avas stopped. Barker and eo-AVOrkers® likeAvise urge the 
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adoption of clicoumarin even lliongh heinorrhage occurred in some 10 
per cent of the cases in which it was given. Tliat similar experiences 
have occurred from the use of heparin can be testified to by those wlio 
have given it with a critical eye to its effectiveness as ivcll as its .safely. 
One need not here stress the considerable energy and constant watch- 
fulness necessary for effective maintenance of a delayed coagulation 
time, as well as the frequent failure to achieve the desirable level witli 
uniformity because of unpredictable I'cspouscs to predetermined dosage. 

In making a choice between these drugs on the one hand and surgical 
treatment on the other, it is appropriate at this point to discuss also 
the shortcomings of surgical ti’eatmcnt. These have been discussed by 
Homans,'^® Pino, Prank, and Starr,® and others. The fluidity of the 
present status of surgical thei-apy derives from them and they can best 
be illustrated by pointing up the linos upon which those who prefer this 
method agree and those upon which they differ. 

Quiet Venous Thro7nhosis (Plilchothro7nhot;{!i) Vosus Tliroinhophlehi- 
tis . — The distinction implied in tins heading’® is stressed with some 
emphasis bj’' Ochsner and DeBakey” and concurred in by Homans,’® who 
states that thrombophlebitis involving the femoro-iliac system is a fully 
obstructing tjqie of thrombosis accompanied by outspoken perivascu- 
lar inflammation and swollen Ijnnph nodes, in which the thrombus is 
so firmly attached that embolism need not be feared. “The greater 
the swelling and discomfort the less the danger that a soft detachable 
mass exists.” “And if . . . embolism actually occurs, one can be reason- 
ably certain that it comes not from the vein of the swollen limb but from 
the other or innocent appearing leg.” In quiet venous thrombosis, ac- 
cording to Homans, a soft nonobstructing detachable clot exists and 
perivascular inflammation is not an outspoken feature; therefore the 
danger of embolism is great. In the strict pathologic sense such a dis- 
tinction has validity only in that there are gradations from case to case 
in the amount of adherent thrombus, soft loose clot, and perivascular 
inflammation. It is our opinion that from the clinical viewpoint this 
distinction is dangerous if it is relied upon as a basis for interference 
or noninterference for the prevention of embolism. For our experience 
convinces us that one cannot tell in any given case whether or not a soft 
clot is present regardless of the estimated degree of thrombosis present. 
That loose clot can be present in the full blown clinical condition of 
phlegmasia alba dolens is illustrated by the following recent cases : 

CASE REPORTS 

Case 1. — I. B,, a woman, aged 35 years, developed an iscliio rectal abscess two 
weeks following disoliarge from the hospital after a cholecystectomy. Two weeks 
after drainage of the abscess she complained of severe pain in the left calf which 
was swollen and tender. Three hours later she developed tachycardia, substernal 
distress, and pain in the right posterior chest aggravated by breathing or coughing. 
Four hours later she showed massive edema and moderate cyanosis of the entire 
leg, a tense bulging tender calf area, and tenderness along- the entire femoral vein, 
with evidence of inflammatory swelling in the femoral glands. Immediate explora- 



234 


SURGERY 


tion of tlic left pelvis extrapcritoncally showed marked neiite perivas-cular inflam- 
mation, acute lymphadenitis, spasm of tlic iliac artorv, and a tense bulging iliac 
vein, from which a long soft unattached dot was sucked out. 1’ho right common 
femoral vein was ligated also, but no inflammatory rc.aetion was seen in this re- 
gion. Three weeks later the right ankle was .dightly edematous; otherwise both 
legs were normal, though cool, and with a slight cyanotic tinge of all the toe.s. 

It maj'- Ite argttod that the einltolus came from the riglit lower leg vems 
and not from the left iliac vein. But the proved presence of a long 
soft loose clot in the left iliac is impre.ssive evidence that actitc thrombo- 
phlebitis nitli a “fully obstructed venotrs system” cannot he dismissed 
as free from the danger of embolism and tliat the safest course is to as- 
sume notliing as to the precise nature of tlie clot or thrombus and its 
embolic potentialities until it is exposed to view. 

C.VSE 2. — A 2S-year-old wom.an who had been gotten out of bed on tlio third 
day after cesarean section complained of pain in the left thigh. The next day ex- 
amination .showed a snmll area of tenderne.s.s and induration in a tributary- of the 
internal saphenous vein. There wa.s no fever. Two days later the entire log was 
found swollen from anklo to groin. The leg was cyanotic, c.spccially when de- 
pendent. Tenderness was present in th.e calf, along the femoral vein, and in the 
groin. Exploration revealed plastic e.xudate about liic femoral sheath, the femoral 
artery was constricted, and the femoral veins, both deep and superficial, were dis- 
tended with thrombus. Tlic femoral lymph glands were swollen. A long soft non- 
adherent clot was aspirated from the iliac vein through an incision in the common 
femoral. Older thrombus was present distal to the opening in the vein. An un- 
eventful convalescence followed. 

Case 3. — S. K., a 3G-year-old man, thirteen d.ays after an abdominoperineal re- 
section, developed pain and swelling in the loft c.alf. The next day the entire leg up 
to the groin was greatly swollen, the lower leg was tense. Pistended superficial 
veins, a positive Homans’ sign, and tenderness in the groin and along the femoral 
vein were present. The vein was e.xposed and a large soft clot extending proximally 
well np into the common iliac was sucked out and the vein divided. Tliere was con- 
siderable perivascular inflammatory reaction and the femoral lymidi nodes were 
edematous and hyperemic. Slow but steady resolution took place so that one month 
thereafter all signs of the process had vanished. 

The foregoihg three examples of femoro-iliac thrombosis could not be 
distinguished from classical so-called milk leg. There is little doubt 
that the size of the soft clot in all these patients, if fully detached, could 
have caused fatal embolism. There is also little doubt that if the clot 
had not become loosened it would have been converted in time to an 
adherent thrombus. Hence it wonld be more correct in onr view to say 
that the longer the patient has had femoro-iliae thrombosis, the less the 
likelihood of a fatal embolism. But if the condition is detected early 
enough one cannot say that the clot is or is not adherent. Accordingly, 
we find it expedient, except in long-standing cases, to explore every^ pa- 
tient without making a distinction which may work to the greater deteri- 
ment of the patient than would exploration of the vein. 

Unilateral or Bilateral Ligation . — The literature is now replete with 
pathologic data on the astonishing frequency with which the process 
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of tliroinboplilcbitis of llic lower exireinitics occui’s bilalerally. TJic 
more thoroughgoing Ihe invcstigaiion .is of llic deep veins, llic liighcr 
the frequency, so that Iherc is little doubt that at least one-half of all 
patients with the disease have it on botli sides. Since the disease is com- 
monl}’’ devoid of all signs of its pi-esonce, the practice of ligation on 
both sides, when only one side is obviously involved or .when infarction 
has occurred, irrespective of the apparent extent of involvement of 
either side, is the safest prophylactic measure against emboli.sm. 

Venography . — In a previous .statement of the problem" we urged 
venography on two grounds; (a) to determine the presence of the dis- 
ease and (b) to determine the proximal extension of the pi-oeess in order 
to define the level of attack upon the clot. AVc liavc with increa.sing 
experience come to find the value of vcnograpliy much moi-e limited than 
we had believed, for the following reasons : 

1. The clinical signs of the disease were sometimes present 
in the absence of venograpJiic evidence. 

2. Spastic irregularity or spastic obliteration may occur and 
be impossible to distinguish from organic occlusion. 

3. When one side is clearly involved and the other side b}’- 
venography appears not to be, the avoidance of ligation of the 
nninvolved side has not infrequently been followed liy the 
necessity of doing the ligation on this side lieeanse of the sub- 
sequent development of unmistakable evidence of the disease by 
venography or signs and symptoms or both. IMeanwhile, the 
avoidance of the ligation may have allowed infarction to take 
place by embolism from that side. 

The Level of Surgical Attach . — Embolism occasionally occurs even 
when bilateral femoral ligation is performed. This is not difficult to 
understand if a clot present above this level is overlooked, incompletelj* 
removed, or forms after ligation. The likelihood of this occurrence is 
minimal when the process on both sides is confined to the veins below 
the knee or well below the common femoral. It is maximal when the clot 
is not entirelj’- removed or overlooked above the site of ligation or in ex- 
cessively thrombophilie individuals who continue setting up new foci 
proximally. An example of the extraordinarily bizarre possibilities is 
illustrated in Case 4. 

Case 4. ^N. W., aged 32 years, was said to have suffered from grippe and 
sinusitis complicated by an atypical rheunatic sjmdrome for a period of five months, 
during which he was alternately in and out of bed. He then began coughing and 
showed signs in both lower lobes suggestive of bronchopneumonia. For several 
weeks before admission to the hospital he coughed up streaks of blood and for one 
neelv briglit red blood in small amounts frequently. During this week he had stab- 
bing pain on respiration along the rigiit costal margin and began having pain in the 
left leg. When seen by one of us he showed little local disturbance in this leg ex- 
cept for tenderness along the femoral vein and in the calf, and slight edema of the 
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whole leg, chiefly below the knee. The right leg was entirely devoirl of signs or 
symptoms. Under spinal anesthesia the left external iliac vein was exposed. Peri- 
vascular inflammation and swollen lymph nodes wore present. The vein was dis- 
tended and tense and a large soft clot was extracted from the distal and proximal 
extensions of this vein. ^Vlien the vein was entirely empty and free flow from 
above was obtained by suction, it wa^ ligated and divided between ligatures. The 
right common femoral vein was then exposed. Xo inflammation was seen around 
this vein or in the femoral gland.s and the vein was free of idot. If was ligated 
in continuity and the patient retained to bed. One hour later the patient was in 
shock and evidence of massive embolism was present. Eight Jiours later death oc- 
curred and autopsy disclosed massive yubaonary embolism. Tlie embolus had be- 
come detached from an isolated- ar*'-. "of thro-ubcsi- coi'finrd to the proximal few 
inches of the right common ilia'c' M-in.v.ij- no ii'^.i k.-emenf o:' the deep venous sj-.s- 
tern distal to this segment. The fract; . ’ end’ of rl-e cloi fliteJ .:.ro that of the 
thrombus stiU in situ. On the left t'uo i. -'/ri cl.u v....s_j,)und in tiie lover left leg in 
the popliteal vein. 

The probability of identifying this thioinbus by ve'-noraphy is re- 
mote. Even tvith Icnowledge of its p)’C';pn'‘-e nothing loss than ligation 
of the vena cava would hax-c pvfv."iit?ri k-'-'- . ’’'.i L if v.’=' are to do any- 

thing less than ligation of the vo; •» eava jl the bunfotion vdienever 
ligation is to be done at all, much more VAperienoe tliaii is at present 
available must be had on the consequence.- of ■'this procedure. Per- 
sistent edema of the estremilies and oc'as.onal sho' !c due to sudden in- 
crease in tension of the distal venous system with consequent local loss 
of plasma into the tissues may prove to be iml uneonimon complications 
of this procedure. Such plasma loss may he expoeteu to be only tempo- 
rary since the caval lilock will be by-passed effectively, mainly via the 
intraspinal venous sinuses. 

Until such experience is extensive enough, tlie appropriate attitude 
to’ward the problem will he to confine ligation to both common feniorals 
above the profunda, to one common iliac and one femoral, or, if both 
common iliacs require ligation, to do the simpler procedure, that is. vena 
cava ligation. 

"Wliat are the indications for choosing among these alternatives? 
While the approach to the iliac is certainly more of a surgical undertak- 
ing than that to the femoral, it is well borne by even very sick patients. 
Both common ibac vessels can be exposed through the same incision.^’ 
There are sufScient cases in which the operator, having cleared the iliac 
as weU as possible through an opening in the femoral vein, cannot feel 
satisfied that he has not left some clot. It is also plain that even com- 
plete evacuation of all clot, if mixed with some adlierent thrombus, 
must leave damaged intima wliicli permits the reformation of both 
thrombus and clot. It is no longer sufficient, therefore, to approach in- 
volvement of the iliac vein bj- femoral phlebotomy. A direct approach 
is essential. An index to the necessitj' of direct exposure of the iliacs 
is any or all of the signs indicating their involvement, avMcIi are as 
follows; (1) swelling of the thigh, mild, moderate, or severe; (2) pain 
in the groin and tenderness in the groin or along the upper part of the 
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femoral vein; (3) swelling of (he femoral lymiih nodes; (4) oyanosis of 
the thigh; (5) dilatation of the superficial veins of the thigh. r>n( 
even in the al^sence of all these signs and symptoms, one may find 
involvement of the ilincs when the femoral vein is exposed. If, on 
approaching this vein, there is perivenous inilammatory reaction, in- 
volvement of the iliac is likely and a shift in surgical approach should 
be nndcrtakcTi, if one is not clearly ■ beyond the clot at the site of 
phlebotomy. 

Ligation of the common femora ^ vein is the method of choice in tlie 
presence of signs iudicati)!.*’: involvement limited to (he deep veins be- 
low the kner or it imlmonary enih')lism has occurred, even in the ab- 
sence of all .sighs of thiombopiilcbki.S' - 

In a previous commauitalion'* it'was ‘pointed out that fatal embolism 
has occurred from thrombosis of the vena profunda femori.s when it has 
been spared, by, ligation of the svr))crficial femoral vein. We persist in 
this view regardless pf.h.ow'tinnocuous the profunda may seem, for only 
a short segmepf-of: it;Ci?)i .blt.vipuvilized .Tlie greater likelihood of edema 
after blocking dhe'cominoiufemoia.'nrolher than (he superficial femoral 
is a small consid,erntion in view of the greater safety of the former. 

While edema, c,l{tnosis,taud pain may jicrsist or even increase after 
iliac or femoral; .ycin ligationV>itois' impossible to delcrmine how ])ersistcnt 
these -phenojnena .might have .been had no ligation been done, for the 
operation may am.dertalven without, knowing whether the disease is 
in the floresceut or deflorescent. phase in a given individual. Our ex- 
perience supports the statement of Homans’® tliat .edema due to block- 
ing flow by ligation is seldom as lironounced w'hen the iliac is inter- 
rupted, as when the common femoral is interrupted. The ])ostligation 
edema, whatever its cause, is of only minor consequence in the eonsider- 
tion of the best level, that is, the safest level for ligation. On the score 
of safety we refer primarily to the certainty of blocking the potential 
embolus and secondarily to the risk of the procedure itself, lilany 
hundreds of ligations have now been done, includmg the external and 
common iliac veins and the vena cava just al)Ove its bifurcation. Those 
familiar with the techniques involved can testify to the relative innocu- 
ousness of these procedures, at least compared to the dangers such pro- 
cedures are intended to forestall. In our own experience we cannot ac- 
count for a single fatality clearly attributable to the procedure itself. 

As to the effectiveness of these procedures in preventing embolism 
we will, along with others, readily admit the occasional occurrence of 
infarction and, rarely, of fatal embolism following operation. Almost 
always this has occurred because the ligation was unilateral or at too 
low a level and occasionally after what appeared to be a quite adequate 
level. It is for this reason that vena caval ligation may come to occupy 
a significant place in the prophylaxis of embolism. 

Age. It is quite clear that no age is exempt from deep thrombo- 
phlebitis of the lower extremities and that while it .is rare in patients 
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imclei’ the age of 20, it is sufficiently common under llie age of 40 to 
leave one without assurance that an embolus will not follow phlebitis 
in a young adult. 

No adult who is confined to bed for ai// leason, whether for a mrdical 
or surgical condition, may be regarded dmmmie to the disease. While 
it is commoner in elderly patients, for example, those with prostatie 
disease; in people with varicose veins, esneeially those vho have already 
had a previous deep phlebitis; in elderly patients with coronary disease; 
in those with carcinoma of the tail of the pancreas: and after a low- 
thigh ampulation, there is no guide whicji j^eianits relaxation from close 
observation for the presence of phlebitis, it fet'd embolism is to lie 
avoided. 

From the fgregoing discussion one is aware that 'i.h pre.sent status 
of surgical therapy is still confused and leavt"- .o'-cn ^o bo solved in 
attaining .1 c ideal prophylaxis against embolism. Indeed, even when 
surgical therapy is intelligently s-pplicd, <'>cea.sions irill ■jirise when 
heparin or dieouipa,vim maj' be eorrc.etly empioy^d in additjnn. nnlc'S 
perhaps the vena cava itself has been ligated. This will be the case if 
infarction continues and no other surgical proeodure is indicated or 
deemed wise. But these anticoagulants should even tl:en be used with 
a clear understanding of their limitations, for it is < .! to be expected 
that eveiy patient will lie assured of recovery from llir'-, [•‘-ned embolism 
if all three methods are employed’. 

Since the occurrence of deep thrombophlebitis is sg'clc.irly related to 
inactivity and recumbency, the propbylaxi.s .'igainsi the development of 
this disease has included the practice of early, active, and continued 
motion in bed, and as early rising as possible for siu’gieal and non- 
surgieal patients. For the past year we have gotten most patients out 
of bed within a day or two after operation, not excepting such patients 
as have had gastrectomy or abdominoperineal resection. We have no less 
than five patients in this series who developed thrombophlebitis never- 
theless. It is perhaps appropriate here to remark that being up in a 
chair and waUcing occasionally during the first few po.stoperative days is 
not equivalent to early active motion of the extremities. 

SUMJIARY and COKCUUSIONS 

ff 

1. Heparin and dieouraarin are nsefid but not Ihox’oiighly depend- 

able agents for the prophylaxis of pulmonary embolism. Their .use fs 
furthermore complicated by the occurrence of hemorrhage in wounds 
and elsewhere, which has occasionally proved fatal. - 

2. The surgical prophylaxis of pulmonary embolism is the procedure 
of choice among those who prefer a more direct and inmiediately ap- 
plicable method for bloeldng the discharge of an embolus. The risks of 
ligation of the common femoral, the iliacs, and possibly also the vena 
cava are minimal and are accompanied by little postoperative dis- 
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luvbancc except for traiisifory incre.asc in crleinn in occasional inslaTices. 
This increase in edema is less likely to occur when t lie, .common iliac 
vein is ligated. ’ :• 

3. The selection of the level of lig.ilion is made on the basis of the evi- 
dence of the extent of involvanent: (a) the common femoral vein is 
ligated when thrombophlebitis is limited to the veins below the liiiee or 
when pulmonary embolism has oeeiUTcd in the absence of all signs of 
involvement ; (b) the common ilia( is ligated when thrombophlebitis 
involves the common femoral, exfcnial, or common iliac veins: te) the 
vena cava is ligated wii.e'.i the indifalions are that both common iliacs 
require ligation. 

4. Since the frequency of bilateral involvemcit is high, bilateral 
■\cin ligation is generally indicated. 

5. The occurrence o^ sjtastie narrowing or obliteration of vmious chan- 
nels limits the diagnostic uscfulnc.ss of vcnogra]>hy. ^ 

6. The distinction between quiet venous thrombosis aiiu full-blown 
thrombophlebitis, that i.s, phlcgniar-.a salba dolens or inillc leg, is not a 
dependable moans of 'deciding wlicn a clot is dciachai'do and when it is 
not. Ther.''fore, exploration of most cases of so-called milk leg is ad- 
visable. 

T. Earl}’’ mobilization after opera'ion does not ])rovide full security 
against the development of thrombophlebitis. 
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INTBAVENOpS CLOTTING 
Alto^t Ochsxer, M. New Okleans, La. 

(From the Department of Surgery, Sciool of Medicine, Tutanc University; and 

The Ochiier Clinic) 

I NTRAVENOUS clotting is of gi'cat significance because of its com- 
plications and its sequelae. Whereas previously all forms of intra- 
venous thromboses were considered as being similar, it is our conviction 
that from etiologic, clinical, progn stie, and thez’apeutic standpoints, it 
is necessary to distinguish betweea two major types, thrombophlebitis 
and phlebotlu'ombosis.®®*®®' The clotting in thrombophlebitis is the 
I’esult of injuiy to the vascular endothelium from mechanical trauma, 
chemical injuiy, or bacterial invasmn, whereas in phlebothi’ombosis, the 
intravascular thrombus formation is due to alterations in the cellular 
and fluid constituents of blood, which increase the clotting tendency, 
and to venous stasis. The clinical manifestations of the two t3'pes of 
intravenous clotting are entirely different. In thrombophlebitis, the 
sjnnptoms are marked, whereas in phlebothrombosis there are few, if 
an.y, clinical manifestations. Tin! prognostic significance of this dif- 
ferentiation lies in the fact that in thrombophlebitis, unless there is 
suppuration which is rare, the elk is firmlj^ adliered to the vein wall 
and therefore is not likely to become detached and result in embolism. 
Because of the associated inflambatory process, it is usually accom- 
panied bj' profound arterial spasift resulting in edema which may per- 
sist and cause prolonged disabiliti''- On the other hand, the coagulum 
in phlebothrombosis is looselj' at^ched to the vein wall and can be de- 
tached easilj% resulting in embolitm. The therapy of the two conditions 
is also different. Because the clinical manifestations in phlebothromho- 
sis are due to associated vasosflasm, the relief of vasospasm usually re- 
sults in prompt relief of sjTnptoms and subsidence of the lesion. On 
the other hand, in phlebothrombosis, either thi’ombectomy or the liga- 
tion of the vein above the thrombus is imperative in order to prevent a 
possible fatality from pulmonaiy embolism. 

As a result of anv’^ trauma, chaiiges may occur in the blood constitu- 
ents which favor clotting. This i^ undoubtedly a protective mechanism 
and at times is necessar.v in ox’dw’ to prevent excessive hemon’hage. 
Unfortunately in many instances,’ the increased coagulability of the 
blood is undesirable and is the predisposing factor in the production of 
intravenous clotting. The trauma ma}^ be accidental, the result of an 
operation or deliveiy, or maj’- follow the invasion of tissue bj^ micro- 
organisms or neoplastic tumors. The principal precipitating factor in 
intravenous clotting and the one which is of importance in the de- 
termination of the site of the involvement is circulatorj’’ retardation, 
because as a result of slowing of the blood stream in an individual in 
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wliom lliere is an increased elotling tendency, intravenous tlirom1)osis 
is likely to occur. Other predisposing factors arc cardiovascular disease, 
advancing age, seasonal variation, constitutional diathesis, obesity, de- 
bility. varicosities, excessive .sinok'iig, anemia, and foci of infection. 
Ophiils and Dobson®^ slated that c-irdiac disease was present in 52 ])er 
cent of their cases of thromho.sis and embolism, and Putnoky and 
Parkas’®® found that approximately 90 per cent of their ninety-one ])a- 
tients with pulmonary embolism hfd cardiovascular disease at the lime 
of the fatal seizure. Burke’® states that of a total of 648 cases of intra- 
vascular clotting, 444 were assoeiattd with cardiac di.scasc. Ilis findings 
emphasize further the importance of cardiovascular disease in the de- 
velopment of thrombosis because there were 218 patients who developed 
thrombosis after escaping it following a previous operation. Intra- 
venous clotting is particularly likely to occur in older persons, prob- 
ably because of circulaloiy retardation subsequent to cardiac weakne.ss 
and also to degenerative changes within the vascular tree, both of which 
predispose to intravenous clotting. Ewald®’ states that venous throm- 
bosis is exceptional in young pereons and occurs only when Ihci-e is a 
circulatory disturbance. According to Stich”® 83 per cent of his pa- 
tients who had embolism wore past 40 years of age, 66% per cent past 
60, and 20 per cent past 70. Allen, Linton, and Donaldson- observed 
202 cases in which femoral interruption was necessary for intravenous 
clotting ; 81 per cent of the patients were past 40 years of age, and only 
19 per cent younger than 40. Fifty per cent were between the ages of 
50 and 70. 

There is considerable variation in the incidence of intravenous clotting 
according to the seasons and according to the locality.®* Generally, 
intravenous clotting occurs more frequently during the spring and 
winter months than during the summer months, and the incidence is 
definitely higher in the northeni clinics than in the southern ones. The 
average incidence in the northern states is 0.74 per 100,000 population 
as contrasted -with 0.41 per 100,000 population in the southern states. 
According to Paure,^® the greatest incidence of thrombosis is from De- 
cember to February. He believes tl’at grippal infections are responsible 
for this increase. Probably the seasonal and the geographic variations 
are due to the vasospastic effect of cold and its effect on the blood flow. 
Another factor which predisposes to intravenous clotting, probably 
because of its vasospastic effect, is smoking. As a prophylactic measure 
we believe it is desirable for patients who are to have an extensive op- 
erative procedure to refrain from smoking for a number of days before 
the contemplated operation and for approximatelj’’ ten days postopei'- 
atively.®® Intravenous clotting frequently occurs in certain families, 
so that a constitutional diathesis to this condition cannot be denied. As 
emphasized by many observei’.s, the type of individual who is likely to 
develop an intravenous clot is fat, pale skinned, asthenic, and weak 
muscled. The tendency is an inherited one and recognition of the con- 
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stitutional disposition is of iinportiuce from a propiiylactic standpoint, 
in order that measnres can be instiluted to prevent thrombosis. Obesity 
also is a predisposing factor. Henderson^® found that the average 
weight of patients with thrombo-eiibolism was thirteen pounds greater 
than normal. Barker and his co-njorkers® state that 4 per cent of pa- 
tients who weighed less than 200 pounds developed thrombo-embolism, 
whereas 8 per cent of those weigljing more than 200 pounds developed 
the same complication. In 3,680 patients on whom intestinal operations 
were done, thrombo-embolism occiiTcd in 3.2 per cent of those who 
weighed less than 200 poimds and m I.l per cent of those who weighed 
more than 200 pounds. Of 156 post<|perative fatalities studied by Snell,^“ 
the cause of death was thrombo-embolism in 30.7 per cent. Debility 
and anemia are predisposing factors in intravenous thrombosis. In the 
former, probablj’’ the increased coagulability of the blood, and the de- 
creased cardiac tone in the latter predisposing to eireulatoiy retarda- 
tion are responsible for tlie intravenous clot. Anemia predisposes to 
intravenous clotting because of two possible causes. First, as empha- 
sized by Drinker, Drinker, and Kreutzmann,-® following hemorrhage 
there is a relative increase in the cellular elements of the blood which 
increases its coagulability, and, second, anemia may predispose to throm- 
bosis because of its secondary effect on the cardiovascular system re- 
sulting in diminution of cardiac tone which favors circulatory retarda- 
tion. Likewise, polycythemia is a predisposing factor in intravenous 
clotting because the increased number of er}'throc 3 'tes increases the vis- 
cosity of the blood which favors coagulation. 

The absorption of noxious substances from traumatized cells follow- 
ing invasion by malignant disease increases the clotting tendency of the 
blood. In fact, the increased clotiing tendency in malignancj’’ is so great 
that it has been suggested thatjthc inci’eased coagulability of the blood 
might be used as a diagnostic test for cancer. Trousseau’^^ directed at- 
tention to the causal relationship of cancer and thrombosis and stated 
that frequently the first manifestation of an internal cancer is peripheral 
phlebitis. SprouP” and more recently Kenney®® have emphasized the 
high incidence of venous thrombosis as a complication of carcinoma of 
the body or tail of the pancreas. SprouP®® found that in 56 per cent of 
cases of carcinoma of the bodj’- or tail of the pancreas a single thrombus 
was present, whereas in 31.3 per cent the venous thromboses were widely 
disseminated. In 33% per cent of Kenney’s cases®® of carcinoma of the 
body or tail of the pancreas there were multiple venous thromboses. 
Carcinoma of the head of the pancreas showed no increased incidence 
of venous thrombosis. It is intere.sting also that in Kennej^’s series the 
tumor was, in each instance, of the mucinous type. It is his belief®® 
that these tumors secrete an abnoi’mal substance or an excessive amount 
of a normal substance which is concerned with blood clotting. Sproul 
suggested that the increased incidence of intravenous thrombosis associ- 
ated uith carcinoma of the tail or bodj’’ of the pancreas was due to in- 
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cvcased coagv\lability resulting fmu increased digestion of fats becanso 
of increased pancreatic secretions wliich in turn results in increased 
absoi’ption of vitamin K from the intestine. That this hypothesis is not 
correct, however, is suggested by the investigations of Jforlon, Shear- 
burn, and Burger,'® who showed tiiat the administration of an excess 
of vitamin K does not cause excessive thrombosis and intravenous clot- 
ting. 

Of great importance in determining the site at which intravenous 
clotting is likely to occur, particnlaidy in jddebothrombosis, is circu- 
latory retardation. It is lU'obably the principal reason why clotting 
usually occurs in the lower extremities because in these areas the great- 
est amount of vascular stasis occurs. As is well known, the movement, 
of venous blood is dependent upon a number of factors, the cliief of 
whicli are the vis a tergo through the ca])illarics, the negative pressure 
within the thorax', and the eontradion of the skeletal muscles. As a 
result of an operative procedure, .-my illness, or cardiovascular disease 
the vis a tergo is definitely diminished. In the first instance this is due 
partly to decreased cardiac function, but also is due to vasoconstriction 
as DeBakey and I®-’ have emphasized repeatedly. In llie other two 
instances it is due mostly to the decrease in cardiac function. The neg- 
ative pressure within the thorax is definitely less marked following a 
laparotomy or in severe illness than is found normally, because hypopnea 
is the rule. Deep breathing is likely to be painful following laparotomy 
particularly that involving the upper part of the abdomen, and for this 
reason the patient usually breathes in a shallow manner, tliirs favoring 
circulatory retardation in the venous system of the lower extremities. 
The relative immobility of the lower extremities while in bed is of great 
importance in favoring vascular stasis Whereas the patient who has 
been operated upon or who is otherwise ill moves his upper extremities, 
he is very likely to keep his lower extremities immobile predisposing to 
circulatory retardation in the lower extremities. Also, patients who 
have had a laparotomy because of decrease in intestinal activity and as- 
sociated dilatation of the gut (ileus) mas’- have increased intra-abdom- 
inal tension. This tends to compress the abdominal veins, produce 
venous stasis in the lower extremities, and favor clotting. According 
to Neumann, there are a number ol anatomic strixctures which produce 
localized vascular stasis and predispose to thrombosis in the particular 
area, that is, the plantar veins, the veins of the calf, and the veins of 
the thigh. Posture may favor vascular stasis. The use of Fowler’s 
position, particularly with the flexion of the leg on the thigh at the 
Imee, causes stasis below the popliteal vein because of the dependency 
of the leg and also because of the kinking of the popliteal vein. Ac- 
cording to Friedliinder,®^ with the patient in the prone position vascu- 
lar stasis of the lower extremity is favored because of the uphill coui'se 
of the femoral vein to join the iliac at llie pelvic entrance. 







As previousl}- mentioned, injury to tissue as I'esult of an operation, 
an accidental trauma, a delivery, or invasion by infection or malignant 
disease results in increased coagubbilitA' of the blood because of ab- 
sorption into the blood stream of noxious substances derived from the 
traumatized cells. The increased blood coagulability is the result of 
changes in the plasma and the formed elements of the blood. The changes 
in the plasma consist of increased viscosity, hypoproteinemia, lijToer- 
globulinemia, increased fibrinogen <!ontent, increased antitrj-ptic power, 
increased peptidase, increased calaum content, and decreased carbon 
dioxide combining power. Because of the increase in globulin and de- 
crease in albumin there is a disturbance in the albumin-globulin 
ratio which is e%'ldenced by an increased erythrocytic sedimentation 
rate.^®’ ■*’ The peptidase content of the 

plasma is an indication of the cell dfstruetion according to vonSeemen^” 
and the aseptic destniction of the ^ells produces a decreased blood sta- 
bility and a decrease in antitlirombin with an increased tendency toward 
clotting. Associated with this is a disturbance in the ratio of calcium 
and potassium ions and also a dishii'bance in the albumin-globulin ratio 
in that the globulin is increased and the albumin decreased. Lambret 
and Driessens®^ showed that postoperatively there is a ri.se in polypep- 
tides which reaches a maximum at about tbe fifth day and the more 
prolonged, the more traumatic, and the more histolytic tbe operative 
procedure, the greater is this increase. In addition to the changes in the 
fluid element of tbe blood which predispose to clotting there are altera- 
tions in the cellular elements of the blood. Thi-omboeytes and leucocytes 
become increased, and ei’j’tbroes^es become decreased. Of great im- 
portance also is tbe increased agglutinability of tbe formed elements of 
the blood, particularly the thrornbocj'tes. This is probably due to a 
change in the electrical charge of the formed elements which results in 
the loss of the noraial repulsion of these elements with a resultant at- 
traction to one another. This increased agglutination tendency causes 
clumping and is probably responable for the initiation of a thrombus. 
The change in the electrical charge of the foimied elements is the result 
of the disturbance in the albumin-globulin ratio referred to pre- 
viously.^®’ Haussei'®® found that the 

increased agglutinability of the platelets paralleled the increased tend- 
ency toward thrombosis. He found that the increased agglutination 
tendency of the platelets is particularly marked after hernia repair and 
after abdominal opei’ations, and was greatest in older persons. 

Whereas the changes in the blood and blood constituents resultmg 
from tissue injury and associated eircnlatoiy retai-dation are respon.sible 
for the intravenous clotting in phlebothrombosis. in those eases in which 
there is an mflammatory process of the vein wall (thrombophlebitis) the 
clotting is due principally to injury of the endothelium by the inflam- 
matory process. In the latter instance the inflammation of tlie vein 
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wall is usually the result of bacterial invasion, as in puerperal thrombo- 
phlebitis and in many cases of postoperative thromboplilebilis associated 
with febrile reaction. As emphasized by Koster'’'*’ and ICaufmann,-’- 
thc microorganisms generally gain entrance to the venous system through 
the medium of the perivenous lymphatics. Relatively rarely the vein 
intima may be involved by bacteria present in the blood stream which 
process has been designated by Rokitansky”’’ as secondary ])hlcbitis in 
contradistinction to the primary mrm in which the venous involve- 
ment begins in the wall and extends to the lumen. The latter occurs 
relatively infrequently and is .scon only in those cases in which there 
is an actual pyemia. 

Pathologu- — ^Whereas previously it was thought, that mo.st intra- 
venous clotting occurred principally in the larger veins, such as the 
iliac and femoral, more recent jiathologic studies have demonstrated that 
the clotting begins primarily in ti.c more peripheral veins. Roes.slc’*’’' 
found in complete autojisies of 324 consecutive cases that thrombosis 
occurred in the deep veins of the calf in 88 poisons over 20 yeai’s of 
age. Of this number 38 had thrombosis of the femoral vein, in 10 of 
whom death was due to inilmonary embolism. Neumann®" in a similar 
study of 165 unselected patients dving from a variety of cau.ses found 
thrombosis in 100. The foot veins vere involved in 71 per cent, the leg 
veins in 87 per cent, and the thigh veins in 22 per cent. Solitary thrombi 
occurred in the calf veins more frequently than in the other veins. 
Solitary calf vein thrombosis occurred in 39 per cent, solitary plantar 
vein thrombosis in 12 per cent, and both calf vein and leg vein throm- 
bosis in 57 per cent. In many of tlicse the thromboses had apparently 
begun in the calf veins. There were no cases in which femoral throm- 
boses occurred without involvement of the calf veins. Similar observa- 
tions have been made b}’' Bauer,® Hunter and his collaborators,’® and 
Frykholm.®® Frykholm®" in a dissection of 133 venous thromboses ob- 
served that 85 per cent were found distal to the profunda in the femoral 
vein and most of these were below the knee. The involvement of the 
left side is more frequent probably because the greatest amount of vas- 
cular stasis is on this side for definite anatomic reasons. 

Thrombophlebitis may occur in normal veins or in diseased veins. 
The previously normal veins in which thrombophlebitis is likely to occur 
are: (1) the cavernous cerebral sinus following infection of the upper 
lip or nose ; (2) lateral cerebral sinus following infections of the middle 
ear and mastoid process; (3) ileocolic superior mesenteric and portal 
veins following acute suppurative processes in the intestinal tract, es- 
pecially of the appendix; (4) ovarian, hypogastric, and common iliac 
veins following suppurative processes in the puerperal uterus; and (5) 
superficial and deep veins of the lower extremities following infections 
of the pelvis and the lower extremity.®® Tlu’ombophlebitis of the cav- 
ernous sinus fortunately occui’s relatively infrequentlj*, but is almost 
invariably the result of maltreatment of localized suppurative lesions 



246 


SURf.ERY 


I 

about tlie upper lip and nose. The absence of subcutaneous fat in the 
upper lip, the active muscular supply of the lip, movement of vhicli 
exerts a pumping action on the venous radicles of the labial plexus, and 
the inability of the veins in this region to colla])se are responsible for 
the involvement of the cavernous sinus through the facial, angular, and 
ophthalmic veins in cases of phlegmon of the upper lip. Thrombo- 
phlebitis of the portal veins following sujipui’ative processes in the cecum 
and rectum occurs more frequently tlhan is commonly appreciated. Ac- 
cording to Gage, Garside and myielf,”“ tln’ombophlcbitis of a portal 
vein occurs in from 0.1 to 1 per cent of all cases of acute appendicitis 
and in about 5 per cent of patientsfdying of appendical peritonitis. In- 
volvement of the ovarian and lijqmgaslric veins following uterine in- 
fections occurs not infrequentlj^ in\puerpei-al infections and is likely to 
follow septic abortion. IMiller'® found in 100 reported cases of puerperal 
pyemia in -which a vein ligation had'been done and in which localization 
was stated, involvement occurred in the following veins: one ovarian 
vein, 75 times; two ovarian veins, 15 times; one hypogastric and one 
ovarian, 6 times; one common iliac, 8 times. The diseased veins in which 
tlirombophlebitis is likely to occur 'arc varicosities of the veins of the 
lower exti’cmities and of the hemorrhoidal veins. 

In addition to these cases of thrombophlebitis there are many other 
cases of thrombophlebitis which are differentiated from those mentioned 
by the fact that the lesions are not suppurative lesions. Thrombo- 
phlebitis involving the cavernous sinus, the lateral sinus, and the portal 
veins and the ovarian and h 3 ’pogastric veins are usuall.v associated with 
suppuration and the clinical picture is characterized by recurrent chills 
and the septic tjqre of temperature. On the other hand, most cases of 
thrombophlebitis are caused bj' a nonsuppurative inflammatory process 
involving the deep venous sj^steiji of the lower extremitj'. Tliis is tj^pi- 
fied by the phlegmasia alba dolens which is so well knomi to clinicians. 
Since there is no suppuration in these cases there is no liquefaction of 
the clot and a septic clinical picture is not seen. 

The vascular changes in thrombophlebitis can be divided into those 
occurring in the perivenous tissue and those in the vein wall itself. The 
perivenous changes consist principally of a hmiphangitis. According 
to Koester,®” the thrombophlebitie process is in realit.y a lymphangitis 
of the veins in which the infection ‘is carried to the veins by means of 
the Ijonph channels. The importance of perivenous hunphangitis has 
been emphasized by Karsner,^^ Homans,^® and Homans and Zollinger.^^ 
As a result of the perivenous involvement, fibrinous exudation into the 
perivascular spaces and the accumulation of perivascular fluids resulting 
in edema are likety to occur. Kaneko’" was able to produce intravenous 
thrombi experimentally by the perivenous implantation of streptococci, 
staphjdococci, and colon bacilli. In addition to the perivenous changes 
there are changes within the \-all of the vein, consisting primarily of 
hyperemia, cellular and serous exudation, and a destruction of the 
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endothelium, which is pi’obaldy responsible for tlic throm))osis. Tlic 
inti’avascular changes wliich occur in thrombophlebitis consist of the 
development of thrombi. The clot or thrombus pi’oduecd in tlirombo- 
phlebitis differs from that produced in jdilebothrombosis in that the 
former is attached to tlic vein wall. As Aschoff^ described, there are 
two tji^es of thrombi, the white and the red, the white usually being 
associated with tlu-ombophlebitis in which there is a maximum change 
in the wall of the vessel re.sulting in a dcjiosition and agglutination of 
the platelets on the vc.ssol wall. Tlicre al.'jo becomes adhered to the 
vessel wall in this ai’oa, leucocytes and fibrin, resulting in a white 
thrombus. On the other hand, in tho.se cases of intravascular clotting 
in which there are few or no changes in the vascular endothelium, but in 
which thrombosis 000111*8 hceaiisc of stasis in the vessel together with 
other faetoi*s which favor coagulation, the thrombus is similar in many, 
if not all, respects to an extra vascular clot. Tliis is dc.sigiialed as a 
red thrombus or coagulation tlirombiis. It has much the same relative 
proportions of blood elements, as are found in the circulating blood. 
It is not firmly attached to the vein wall as is the white thrombus, be- 
cause the former is not the result of endothelial destruction. Tlic wliitc 
thrombus, because of the destruction of vascular endothelium, is firmly 
attached to the vein wall and has little tendency to become detached. 
On the other hand, the red thrombus is attaclied only loosely to the vein 
wall and it is this type of thrombotic process that is particularly likely 
to give rise to pulmonary embolism. In those cases of thrombophlebitis, 
however, in which there is suppuration resulting in liquefaction of tlie 
coagulum, portions of the tlu’ombns may become detached resulting in 
septic emboli. 

The clinical picture in intravenous clotting is dependent upon the 
lesion in the vein, and in nonsuppurative thrombophlebitis, because of 
the inflammatory reaction and because of the associated vasospasm re- 
sulting from impulses originating in the thrombophlebitic segment, 
there is diminished vascularity to the extremity producing pain, swell- 
ing, and a persistence of fever. In the cases of suppurative thrombo- 
phlebitis in which because of the liquefaction of the clot by the sup- 
purative process portions of infected thrombi become detached, repeated 
chills and aseptic temperature results. In the patient with a phlebo- 
thrombosis, in whom there is no inflammatory i*eaction early, there are 
few or no clinical manifestations but because the thrombus is only 
loosely attached to the vein wall, detachment can occur resulting in one 
or more nonfatal or massive fatal pulmonary emboli. In tlwombo- 
phlebitis, because of the inflammatory process in the vein wall, there 
is usually a pyrexia which varies in degree with the severity of the in- 
feetioir and the localization of the thrombophlebitic process. Everything 
else being equal, the more severe the infection, the more marked is the 
febrile reaction ; and also the larger the vein involved, the gi’eater is the 
systemic reaction. In addition to fever, these patients have pain in the 
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region of the involved vein, and sivelling of the involved extremity. 
The classical example of deep thl'omhophlebitis is phlegmasia alba 
dolens, in which cases the pyrexia ranges from 101° to 103° P., associ- 
ated with severe pain and swelling in the involved extremity. The 
fever in thrombophlebitis' is probalilr due to the inflammatory reaction 
of the vein wall. Previously, the pain in thrombophlebitis was thought 
to be due to the inflammation and irritation of tlie vein wall, but De- 

j 

Bakey and I®® have demonstrated quite conclusively that the pain is due 
to ischemia, as evidenced by the prompt relief of the pain following the 
re-establishment of the normal blood' supply to the extremity by block- 
ing the sympathetic impulses. The ekema which previously was thought 
to be due to increased venous pressure caused by the obstructing throm- 
bus in the main venous eliannel is diie also to ischemia. That obstruc- 
tion of the main venous channel is not the cause is evidenced by the 
fact that ligation of the same vein; done aseptically seldom jiroduces 
edema and that in the patients treated by s\Tnpathetic anesthetization 
the edema associated with thrombophlebitis disappear while the elot is 
still present. "We have shomi both clinically®®'®® and experimentally®® 
that the edema is secondary to severe arteriolar spasm in the homolateral 
extremity resulting from the vasoconsti’ictor impulses originating in the 
thrombophlebitie segment which are carried over the sj-mpathetic nerv- 
ous system. This vasoconstriction is responsible for the whiteness of 
the skin as designated by the tern phlegmasia alba dolens. Because of 
the extreme vasoconstriction of the arterioles and ischemia residting in 
relative anoxia of the capillary endothelium, an increased permeability 
of the capillary endothelium results. This permits excessive exudation 
of the intravascular fluid out of the vascular system into the perivascu- 
lar spaces and accounts for the rapid production of edema. Once the 
fluid gets out of the vascidar system, there is difficulty in its getting 
back for two reasons ; first, because wound absorption is interfered Avith 
because of the increased venule pressure resulting from venule spasm, 
and, second, because the pump Avhich is responsible for the movement of 
IjTnph, namety arteriolar pulsation, is lost. Although the patient with 
thrombophlebitis has marked sjTnptoms there is little or no danger of 
embolism, because of the fixation of the clot to the vein wall, except in 
the case in Avhich a propagating coagulation thrombus occurs proximal 
to the area of thrombopMebitis, or in the case of suppurative thrombo- 
phlebitis in Avhieh liquefaction of the clot occurs. 

The patient AAnth phlebothrombosis may have no symptoms. He usu- 
ally has no pain, has little or no fever, and there is usually no swelling 
of the extremity. We have observed that frequently the patient has a 
sense of impending disaster. According to Bahls,^ the patient is likely 
to be restless. There is almost invariably tenderness over the involved 
vein and the calf and plantar Amins are frequently the original sites. 
Tenderness indhe calf or on the plantar aspect of the foot is of im- 
portance. Pain in the calf or popliteal area resulting from dorsiflexion 
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of the foot with the leg extended is of diagnostic iinporlanec as suggested 
by Homans/^* Not infrequently lliere is an increasing jiulsc rate out of 
proportion to tcni])ei’ntnre elevation, which finding has been emphasized 
by Mahler'-'' and DeBakey and me.'"’ lifahler described this as slepladdor 
pulse. In a suspected ease the detcianination of the eryllirocylic sed- 
imentation rate is of importance, and is pi'obably the residt of the altera- 
tion of the albumin-globulin ratio.’'' 

Diagnosis . — The diagnosis of thrombophlebitis is not difficult. In 
fact usually the patient calls the attention of the phy.sician to the lesion 
because of the pain. tendcrnc.s.s, and .swelling. In addition to this, ele- 
vation of temperature usually signifies .some lesion. There is tenderness 
along the course of the involved vein and in the skin of the extremity. 
If the involved vein is a sujicrficial one, there is also redness in this 
area. On the other hand, if the deep veins arc involved, the extremity 
is cold and whiter than normal due to the associated spasm of the ar- 
terioles. There is usually a pitting edema. Phlebothrombosis can be 
diagnosed definitely only by demonstrating the presence of the venous 
obstruction by means of visualization of the venous .system (phlebog- 
raphy).*® Although wc originally thought that phlebography should 
be done in all cases of suspected phlebothrombosis, we now feel that in 
a suspected case of phlebothrombosis the diagnosis can be accepted and 
appropriate therapy instituted inmiediately. In any patient who has 
had a pulmonary embolism immediate steps must be taken to prevent 
further emboli because following one embolism there is the likelihood of 
another. Zink’®’ has shown that in 70 per cent of patients with fatal pul- 
monary embolism there was a previous nonfat al pulmonary infarct, the 
result of embolism. We had an opportunity to see a patient who had 
had five nonfatal pulmonary infarctions before curative therapy was 
instituted. 


Treatment . — There are probably few conditions in which prophylaxis 
can be so readily accomplislied and yet is so important as in intra- 
venous clotting. The importance of this has been repeatedly empha- 
sized by DeBakey and me.®®'*®- Because cardiovascular disturbances 
with the resultant cireulatorj'- retardation are of such great importance 
in the development of intravascular clotting, it is imperative in any pa- 
tient who has tissue injury resulting from operative, accidental, or 
puerperal trauma or from invasion bj-- infection or neoplastic disease, 
that normal cardiovascular fimction be maintained or early re-estab- 
lished. This is particularly true in older persons in whom cardiovascu- 
lar disease is moi-e liable to occur. The value of prophylaxis is exempli- 
fied by vonJasehke’s’® results. Whereas in a series of 2,053 operations 
the incidences of thrombosis and fatal embolism were 1.75 and 0.6 per 
cent, respectively, in a comparable series of 1,362 operations in which 
the patients were systematically digitalized preoperativcly, the cor- 
responding incidences of thrombosis and fatal embolism wei-e 0.9 and 0.5 
per cent. Koenig®® found that following the use of sympatol (a cardiac 
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stimulant) in 2,000 cases postoperativcly, tlie incidences of thrombosis 
and embolism decreased from 6.2 t<| 0.95 per cent. vSimilarly, Frauen- 
dorfer®^ observed a decrease in the incidences of thrombosis and em- 
bolism from 10.6 to 2.3 per cent and in the mortality rate from 2.3 to 0 
per cent. 

Circulatory stasis is favored b 3 - tlie vasoconstrictor action of tobacco, 
and for this reason it is desirable lor patients who are to undergo an 
operative procedure to refrain from jsmoldng for a period of a few days 
before anj- contemplated operation, and in the immediate postoperative 
period.®® In this waj’- we believe thaf eirculatoiy sta.sis can be minimized 
and the precipitating effect of vasoconstriction prevented. 

Of great importance from a proplndactic standpoint, we believe, is 
the routine use of compression bandages applied to the lower extremities 
from the toes to the groin.®® It is routine in onr clinic to use this 
measure in all patients 45 pears of age and older who undergo an op- 
erative procedure. This is of value not onl.v in patients with varicosities 
in whom stagnation is more likely to occur, but also in patients whose 
superficial veins are normal. Bj' the application of compression band- 
ages stagnation of the blood in the superficial veins is obviated and the 
blood flow in the deep venous sj’stein is increased, thus preventing circu- 
latory retardation. The value of compression of superficial veins in in- 
travenous clotting was first stressed bj' Fischer.®® Leun,®° over a nine- 
j*ear period, used compression bandages prophylacticallj" in ]mticnts in 
whom he feared thrombosis, such as individuals with varicosities, circu- 
latory disturbance, or other predisposing faetoi-s. In 280 cases, 500 
elastic compression bandages were applied. In three cases the treatment 
was a failure in that thrombosis occurred. In two of these slight 
thrombosis occurred because the l)aadage was not applied tightly enough, 
and the third patient died of pulmonary embolism, but the autopsy 
showed that the thrombus originated from a pelvic vein and not from a 
leg vein. In obese patients in whom an elective operative procedure is 
done, it is imperative that there is a reduction in weight before the con- 
templated opei’ation, because obesity- is an important predisposing factor 
to intravenous clotting.®®’ ®® Also, it is desirable that foci of infection 
be eliminated since they too predispose to intravenous clotting. 

Another important proplndactic preoperative measure is hydration 
and remineralization. As many patients who arc sub.ject to operation 
are suffering from nausea, vomiting, or diarrhea, there is likel.v to be a 
loss of fluids and electrolytes. It is not known whether the correction 
of these disturbances is beneficial because of the correction of increased 
rtscosity and dehydration or because of the detoxifying effect of the 
electrolj'tes. Prima“® is of the opinion that administration of sodiuro 
chloride solution has a definite detoxif jdng action which tends to prevent 
intravascular clotting. Anemia and other blood dj’serasias should be 
corrected as prophylactic measures, since these conditions predispose 



OCHSN’KU: INTUW-NOUS CJ.OTTIST. 


251 


to iiilravasculiU’ clottinjj. Ijockhail-iMuiTuncry''’ .'Uid Donald''’ dircolod 
attention to the greater likeliliood of tlironibosis in anemia. Donald-' 
reported three eases of ])rofound anemia in ■\vliieli the patients dcvcloi)ed 
fatal puhnonaiy embolisms, and believed that the thrombo.scs were to a 
large extent eansed by the anemia. Drinker, Drinker, and Krentz- 
mann-® demonstrated that following hemorrhage there is an increase in 
the cellnlav elements which probably increases the coagulability of the 
blood. 

In addition to preoperalive propliylactie mcasure.s, a great deal can be 
accomplished in the prevention of intravenous clotting during the oji- 
erative procedure. Since in.iury to tissue is an important factor in 
changing the blood constituents, increasing the tendency toward throm- 
bosis, it is imperative that trjmma be reduced to a minimum. vSharp dis- 
section and eai'eful hcmostasi.s, avoiding ma.ss ligation, are of great 
importance. Lambret and Dricssens®* found tliat following an operation 
there was a rise in the polypeptido.s, wliicli readies its maximum on 
about the fifth daj- and that this, was moi’c prolonged, the more trau- 
matic and the more histolytic the oiierative procedure. Since absorb- 
able suture material (catgut) produces maximum tissue reaction, it is 
desirable that nonabsorbable suture material be used, unless there is 
some definite conti'aindication. Meade and I"® believe from both clin- 
ical and experimental investigations that cotton is the best suture ma- 
terial available at the present time, because it gives the minimum 
amount of reaction and the best healing. Tlie incidence of infection is 
lower with cotton which in itself tends to decrease tissue destruction. 

The prevention or correction of dehydration and circulatory collapse 
during the operative procedure, both of which favor circulatory retarda- 
tion, is imperative. The circulatory collapse may be the result of blood 
loss, chilling, or operative trauma. In many cases it is necessary to ad- 
minister saline, blood, or plasma. Chilling should be prevented because 
by virtue of its vasoconstrictor effect it predisposes to circulatoiy re- 
tardation. Chilling is also detrimental in another way in that it in- 
creases the viscosity of the blood as shown by Barbour and Hamilton,® 
who demonstrated that exposure to cold causes a loss of fluid from the 
vascular ehamiels into the tissues. 

Postoperatively, prophylaxis also should be practiced. Dehydration 
and loss of electrolytes must be corrected because, due to the loss of 
fluid and electrol3i;es from the gastrointestinal tract, an increased vis- 
eosit3>- of the blood is likelj’- to occur as has been demonstrated by 
Zarubin”® and Bolognesi,” Posture is frequently of great importance 
in predisposing to circulatory retardation. The placing of the patient 
in Fowler’s position Avith flexion of the thigh on the abdomen and flex- 
ion of the legs on the thighs at the knees results in compression of the 
popliteal A'essels and should be aA'oided. If the head-up position is de- 
sirable the patient should ixqxqv be placed in a sitting position but should 
be kept flat on the bed. The frequentlj'' emploj^ed irillow beneath the 
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laiees wlien the patient is in the sn|>ine position should not he used be- 
cause it favors slowing of the blood in the legs. It is tlie rule in our clinic 
that when the patient is first returned to his I’ooni lie is placed in the 
head-do^vn (Trendelenburg) position in order to favor the return of 
the venous blood from the lower exlremities to the heart. This pro- 
cedure has been recommended by many others.®’ 

The head-down po.sition is maintained until the patient can actively 
move his extremities which by virtue of the muscular contractions foi’ccs 
the venous blood toward the heart.. The value of the Trendelenburg 
position in preventing postoperative thrombosis is illustrated by 
Sehmid’.s^®®’ experience. Prior to' 1935, before the use of the position 
was routine, the incidence of postoperative thrombosis was 3.1 per cent 
wliei’eas after elevation of the foot of tlie bed was instituted in all cases 
the incidence dropped to 0.5 per cent. The respective incidences of fatal 
pulmonary emboli were 0.9 and 0.3 per cent.’”^ As soon as the patient 
can activelj^ contract the muscles of the lower extremity, this is insisted 
upon. We have him contract the calf muscles against a resistance by 
either placing a foot piece at the foot of the bed against which the foot 
can be ventroflexed or have an attendant hold the patient’s toes while 
he flexes his feet against the resistance. Wangensteen’^^ advocated hav- 
ing the patient move his extremities “a thousand times a day.” Reis,’"’ 
Richardson, Boldt,’= and others^®'^®’ were early advocates 
of the movement of the legs while the patient is still in bed. Gamble®’ 
and deTakats and Jesser®® have suggested tlie use of a bed bicj^le, 
whereas Adams and Boehme’ believe that the foot exercises are much 
preferable to the use of a bed bicycle. Kirschner®® uses elaborate gym- 
nastic procedures, accompanied by music and under the direction of 
a gj'mnast. The importance of mobilization is emphasized by Potts.®® 
who obseiwed that whereas thrombosis and embolism are common in pa- 
tients who are confined to bed with fracUires in plastic encasements, they 
are rare in ambulatory patients with arm, leg, shoulder, or spine frac- 
tures in similar encasements. 

At the present time, there are a number of advocates of early amliu- 
lation which w’e have used for a number of years, although we are not as 
radical as many in getting our patients out of bed on the day of the op- 
eration or the first postoperative day. Unquestionably, this decreases 
the mcidence of intravenous clotting. Campeanu’® reported 1,300 cases, 
many of which were severe, in •which the patients -were alloAved to walk 
directly from the operating room to the ward and to lake gymnastic 
exercises immediately afterward, including even jumping. Zava,’®® who 
gets his gynecologic patients up either on the first or second day, states 
that in more than 6,000 cases there has not been a single embolism. The 
value of early ambulation is emphasized by vonJaschke,’® who found 
among 300 patients who were allowed up relatively late, there were 2 
per cent with thromboses and 1 per cent with fatal emboli, whereas in 
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387 cases in ■which early anil)nlation was nscd the incidence of throm- 
boses was 0.5 per cent and there were no fatal emboli. In the Essingcr 
Univci'sity Clinic from 1906 to 1012 there were 1,504 operative cases 
in which the patient got o\it of bed at the end of the second week with 
the incidences of thrombosis and fatal embolism of 2.63 and 1.4 ])cr cent, 
respectively. In the same clinic, from 1912 to 1918, there were 2,053 
operations following which the patients got ont of hed between the sec- 
ond and fifth days with the corresponding incidences of 1.75 and 0.6 
per cent. The need of getting patients ont. of bed relatively early is 
exemplified by the investigations of Smith and Allen’” in which it was 
shown that postoperativcly, beginning on the fifth day, the circulation 
time was increased, and that on the tenth day it was approximatelj" 
50 per cent greater than the preopprative average. Eighty-two per cent 
of the individual patients .showed inerca.ses of four or more seconds at 
some time after operation. 

Another measure which favors the movement of venous blood is the 
increased negative thoracic pressure resulting from deep breathing. 
The importance of this should be emphasized to the postoperative pa- 
tient because usually by the descent of the diaphragm the intra-abdom- 
inal tension is increased causing prcissure on the abdominal wound and 
pain. Because of this the patient is likely to breathe in a shallow man- 
ner. We insist upon our patients taking twelve to fifteen deep breaths 
every hour during their waking hours and we much prefer this being 
done voluntarily. If, on the other hand, thej’- are unable or will not co- 
operate, it is desirable to secure deep breathing by means of carbon di- 
oxide inhalations.^’- 82, so prevention of increased intra-ab- 

dominal tension bj-- the avoidance of tight compression bandages on the 
abdominal wall and the prevention of ileus is of importance in decreas- 
ing stasis of blood in the lower extremities. Increased abdominal ten- 
sion also may be due to the decreased action of the diaphragm and the 
splinting of the abdominal wall as eniphasized by Patey”^- and Fri- 
mann-Dahl.^° 

^ Since vasoconstriction occurs in all cases following operation it is de- 
sirable to overcome the peripheral vasospasm by vasodilatation. This 
can be done by either the application of heat to the extremities or re- 
flexly producing vasodilatation by applying heat to some other part of 
the body. For many jmars we have applied heat to the abdomen in pa- 
tients who have had laparotomies because we are convinced that it exerts 
a leiieficial effect on the gut tone. In this way we have secured reflexly 
vasodilatation in the extremities and have minimized circulatory re- 
tardation. Leriche,®® Kvale,®® and DeBakey and I have sho-wn that post- 
operatively a peripheral vasoconstriction occurs. Smith and Allen”® also 
showed that postoperativcly there is a definite slowing of the peripheral 
ciiculation and that this is more marked when the extremity is cold. 

Anticoagulants, such as hinidin, heparin, or dicumarol, might be 
used prophylactically. Whereas the use of these substances probably 
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is not justified routinely in all patfcnts who are operated upon, their 
use should he seriously considered in patients in whom there is a 
thrombosing tendency as determined bj’^ history of previous intravenous 
clotting or a history of a clotting tendency in the famil 5 ^ The value of 
anticoagulants used prophylaetically is shomi by Barker’s" results at 
the jMayo Clinic. Dicumarol was administered postoperatively to thirty 
patients, who had either thrombosis or embolism previously. None de- 
veloped thrombosis or embolism although the estimated incidences with- 
out an anticoagidant in these eases wore 40 ]ier cent thrombosis or em- 
bolism and 10 per cent risk of fatal embolism. Tn a group of 259 pa- 
tients who had had abdominal hysterectomy in which the e.stimated in- 
cidences of thrombo-embolism and 'fatal pulmonary embolism were 4 
and 0.7 per cent, respectively, there were no thromboses or emboli fol- 
lovdng the prophylactic use of dicumarol. DeBakcy ai’d I®- believe 
that the principal use of anticoagulants is as a prophylactic measure 
and not in the treatment of thrombosis once it has occurred, because in 
such instances they are of little or no value in the treatment of a pre- 
existing thrombus and are of value only in preventing the propagation 
of the thrombus. At the same time, their use is likely to give the phy- 
sician a false sense of security that everything is being done for the pa- 
tient and he may neglect to use those therapeutic measures which are 
essential. On the other hand, the use of anticoagulants is not without 
danger and must be carefully controlled. 

Although we believe that most, if not all, eases of in1 ravenous clot- 
ting can be prevented by the inslitution of appropriate prophjdactic 
measures, patients will be seen in AOiich actual thrombosis has occurred, 
and in which active therapy is necessary. Once clotting has occurred 
it is important to differentiate between Ihrombophlcbitis and phlebo- 
thi’ombosis. In nonsuppurative ihrombophlebitis, becaxise the symptoms 
are the result of arteriolar spasm, the treatment consists of overcom- 
ing the vasoconstriction by anesthetization of the regional sjnnpathetic 
ganglia. This is essential because as long as arteriolar spa.sm and re- 
sulting ischemia persi.st there is a persistence of the clinical manifesta- 
tions which may last for months or even j'ears. The pain and swelling 
are the result of ischemia. The persistence of fever also is probably 
due to the ischemia resulting in an interference with the normal resolu- 
tion of the inflammatory process, i believe that the most efficacious 
way of producing vasodilatation is the interruption of the sympathetic 
impulses by anesthetization of the regional sjunpathetic ganglion with 
procaine. DeBakey, Burch and P“ have been able to demonstrate 
graphically both clinically and experimentally that in thrombophlebitis 
a marked spasm of the arterioles and venules of the homolateral ex- 
tremity oecui’s. There is also some spasm of the contralateral arterioles, 
although this is much less marked than on the affected side. Following 
the procaine block of the homolateral sj mpathetic ganglia the arteriolar 
pulsations return to normal and the clinical picture graphically changes. 
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The relief of pain is iinincdialc, opcurriii" as soon as tl)o ancstlicsia is 
complete. Iii approximately 90 per cent, of i)istance.s, the ])aiii docs not. 
recur. In the remaining cases, however, a second in.icetion is required 
to relieve the patient permanently of jiain. I'^evcr and edema disap- 
pear rapidlj". The temperature returns to normal witliin forty-eight 
lioui’s in about 65 per cent of cases. In al)Out 5 per cent of cases tlic 
pyrexia lasts longer than eight days. The swelling of the extremity, in- 
stead of lasting for montlis and even yeans, subsides very quickly with 
the re-cstablishmcnt. of the normal blood supjdy, because of the normal 
re-establishment of the arteriolar pulsations which arc I'esponsible for 
the movement, of lymph. In our cases, edema completely disappeared 
within four days in over one-half of the cases, and in only 5 per cent 
of cases did it last longer than twelve days. These patients can be dis- 
charged from the hospital early because of the rapid subsidence of their 
clinical manifestations. Sixty-two per cent of our patients were dis- 
charged from the hospital within four to eight daj's after institution 
of therapy, and onlj* 10 per cont'mnained in the liosjvital more than 
twelve days. 

The technique of lumbar sympathetic block has been described in de- 
tail in previous publicatious,®^’ but is, in brief, as follows : The 
patient is placed in the lateral recumbent position. This position is 
used rather than the prone position which is usually employed for the 
lumbar S3nnpathctic block in peripheral arterial disease, because usu- 
ally a patient with thromboplilcbitis is too ill to be placed in the prone 
position. The thighs are flexed on the trunk in an attempt to straighten 
the lumbar curve. The .sites of puncture in the skin are determined 
bj^ taking points approximatclj’- two fingerbreadths lateral to, and on 
a horizontal level with, the spinous processes of the first, second, thirJ, 
and fourth lumbar vertebrae on the affected side. The spinous processes 
are chosen because the transverse processes are on a level with them. A 
cutaneous wheal is made at each one of these points. Special (B.D.) 20 
gauge short beveled needles, 14 cm. in length, are introduced at each 
point vertical with the skin surface until the transverse process is 
reached. The transverse process is used as a landmark, because, whereas 
there maj^ be considerable difference in the thickness of the subcutaneous 
fat and the sacrospinal muscle in an obese, muscular man and a thin, 
emaciated woman, there is relatively little difference in the thickness 
of the bodies of their vertebra. After striking the transverse process, 
the direction of the needle is slightly changed, either above or below 
the transverse process, and the needle is inserted approximately two 
fingerbreadths bej’-ond the process. The point of the needle then lies 
on the anterolateral surface of the body of tlie vertebra where the 
sjnnpathetic chain lies. Through each needle, 5 to 10 c.e. of 1 per 
cent procaine are injected after first aspirating to determine that the 
point of the needle is not within the vessel. The procaine anesthetiza- 
tion is repeated daily as long as the patient has fever, because it is 
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our belief that the persistence of fever is an indication of the persistence 
of the inflammatory process and ihat as long as the inflammatorj' 
process exists in the vein there is d likelihood of vasospastic impulses 
being set up. Although the pharmacologic effect of procaine should last 
one to one and one-half hours, the pliysiologic effect of the anesthetiza- 
tion of the sympathetics lasts a good deal longer, at least twenty-four 
hours. Generally, two to three daily blocks are sufficient to bring about 
complete restitution of the process. ■ In addition to procaine blocks oC 
the regional sympathetic ganglia, patients with thrombophlebitis should 
have their extremities wrapped from the toes to gi’oin and mobilization 
instituted. This is particularlj' important in order to prevent a propa- 
gating red thrombus proximal to the thrombophlebitic segment. If this 
is done there is no danger of embolism occurring in the uncomplicated 
ease of thrombophlebitis. 

Although the treatment of uncomplicated thrombophlebitis is that of 
conservatism as outlined, suppurative thrombophlebitis must be treated 
radically because of the detachme>it' of infected emboli resulting from 
liquefaction of the clot. In the patient who has had a pelvic infection 
with the development of a septic clinical picture consisting of recurrent 
chills and septic febrile reaction, ligation of the venous system above 
the site of the involvement is imperative, because if this is not done the 
sepsis and fatal pulmonarj' embolism are likely to occur. A typical 
example of this is puerperal sepsis especially following criminal abor- 
tion in which the thrombophlebitic process involves the venous channels 
draining the uterus. In such cases rapid progression of the process 
with breaking off of the infected emboli is likely to result in a blood 
stream infection and fatality. Hunter,'*" in 1793, was aijparently the 
first to apply measures to combat this possibility, by compressing the 
vein above the sirppurative lesion. Lee,**' in 1865, ligated a vein above 
the thrombophlebitic process in two patients suffering from this con- 
dition. In 1880, Zaufal*-® successfully ligated the internal jugular vein 
in the treatment of pyemia originating in the internal ear. Viereck,^®® 
in 1900, showed statistically the value of vein ligation in such eases. In 
a collected series of 108 cases, 89 patients recovered. Freund,®'* in 1898, 
was one of the first surgeons to apply the method in gynecology. He 
performed ligation and excision of 'the thrombosed ovarian vein and 
broad ligament in Gvo cases. These procedures Avere unsuccessful. 
Several years later Biunm**'*** and Trendelenburg*®® performed venous 
ligation in puerperal pyemia, the former advocating ligation by the 
transperitoneal route and the latter by the extraperitoneal route. 
Jliller,** in 1917, collected 197 cases of puerperal pyemia treated by 
venous ligation. Fifteen Avere approached extraperiloneally and 182 
transperitoneally. The gross mortality Avas 51.6 per cent. In 1921, 
llartens** reported eleven gjmecologic cases of thrombophlebitis in AA'hich 
ligation of the ovarian vein as Avell as that of the internal or common 
iliac Avas done. In tAvo eases the vena cava was successfully ligated. 
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Kecovcry followed in seven of the eleven enses. Collins,"" Weinstein’-’’ 
and other incmliers of mir {ryneeolo^ie service have lifrated llie vena 
cava in twenty cases of severe puerperal pyemia with recovei’y in all 
hnt one case. AVe have ligated the inferior vena cava in three ca.scs with 
extensive suppurative thromhophlehilis of the ])elvie veins result inp: 
from infections in the lower extremity. 

AYhercas Ihcro has been considci-able conlrover.sy coneerniii" tlic 
optimum time for the ligation of the vein in suppurative (hromhopJilebi- 
tis, it is our belief that it must be done carl}-, and that the liigh mortality 
rates reported by earlier observers are the result of operating upon 
moribund patients. Trendelenburg’-'' suggested tliat these patients be 
operated upon immediately after the first chill. On tlie other hand, 
there are many who believe that one should wait until the disease has 
become chronic before operation. It is suggested tliat ligation not be 
done until the patient had vaccinated licnsclf against the infection. 'Wc 
now believe that by procrastination the patient becomes vaccinated not 
against her infection but again.st hfo. because most of them die. The 
patient who is obviou.sly ill, and avIio has recurrent chills, .should be oii- 


erated upon early. Otherwise a fatality is likely to occur. Whereas 
the operative procedure is a.ssociatcd witli little or no risk, the ad- 
vantages to be derived from it are immeasurable. As eaidy as 1932, 
Huggins^® advised exploratory laparotomy in every suspicious case 
when the diagnosis is in doubt, because, in his opinion, “the danger 
from thrombophlebitis is far more threatening than the risk of opera- 
tion,” if done early. If an infarction has already occurred, operation 
should be perfoi-med immediately and procrastination in such cases is 
likely to mean disaster. The absence of cliills in no way precludes the 
possibility of a septic thrombophlebitis. Schollenberg^®® states that, on 
tlie basis of the material at the Zurich University AA^omen’s Clinic, in 
the eases in wliich the second chill was taken as an indication for op- 
eration, 67.4 per cent of the patients were operated upon unnecessarily 
and in cases in which the third cliill was taken as an indication for op- 
eration, 56.2 per cent were operated upon unnecessarily. The technique 
of the operative procedure may vary according to the individual op- 
erator. A distinct advantage of the transperitoneal route is that it is 
possible to visualize and ligate all four of the veins draining the uterus 
or even the vena cava itself, if it is found necessary, through a single 
incision. This operation is associated with a greater risk, however, be- 
cause of the greater shock associated with the transperitoneal approach 
and also because of the potential danger that infection of the peritoneum 
will occur from division of the infected vessel. Not only should the ves- 
sel be ligated but it should be divided, and preferably a segment should 
be removed. Simple ligation of the inferior vena cava is all that is 
necessary in those eases in which, it is possible to get well above the point 
of involvement. AA’'e have employed proximal venous ligation of the 
femoral vein in five cases of suppurative thrombophlebitis of tlie deep 
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veins of the lower extremit}’’, of thes brachial vein in two cases of similar 
involvement of the deep veins of ihe upper extremity, of the ovarian 
vein in one case of puerperal sepsis, and of the infcinor vena cava in 
three cases of pelvic suppurative Ihrombophlehitis following infection 
of the lower extremity, all with immediate cessation of chills and pi’ompt 
recoveiy of the patient.”- 

The treatment of phlebothrombosis in contradistinction to thrombo- 
phlebitis is always radical. As mentioned previously, this type of intra- 
venous clotting is accompanied witli fcAV or no manifestations. These 
patients do not appear ill but they represent potential fatalities, be- 
cause the clot not being attached to the vein wall is likely to become 
detached and result in a fatal pulmonarj' embolism. Unless measures 
are taken to prevent the clot from getting into the systemic circulation 
after it becomes detached, a ti-agcdy will result. In suspected eases of 
phlebothrombosis and also in those cases in which a pulmonaiy infarct 
has occurred, ligation of the involved vein above the thrombus is im- 
perative. Because in inanj- instan os thrombosis is bilateral, it is de- 
sirable to do a bilateral femoral ligation. Sears’®®’ states that all 
patients with thrombosis of the calf veins should have a ])roximal vein 
ligation as soon as the diagnosis is made. Thrombeetomj' has been ad- 
vocated by ^jiwen®® and Kuleukampf,®® the former extracting a throm- 
bus through an opening in the femoral vein, the latter through the 
saphenous opening. Both attempt to save the deep venous system by 
suture of the vein wall. Lange'’® also advocates thrombectomy, but 
Freund®^ states that ligation should also be done. Allen and his co- 
worker’s® report an increasing incidence of femoral vein ligation at the 
IMassachusetts General Hospital. In 1937, one femoral vein was tied; 
in 1938, none; in 1939, eight; in 1940, five; in 1941, fifty-five; and in 
1942, 211. The right side was ligated in 46 per cent of the instances, 
and the left in 54 per cent. Sixty-one per cent of the operations were 
unilateral, and 39 per cent were bilateral. 'Whereas theoretically 
thrombectomy and suture of the vein seem desirable, and although the 
experimental work of Hintze and ZollenkopF® aiipeai-s to support the 
contention that tliese veins again 1 auction, we believe that not only is 
it unnecessary to attempt to save the vein, but that it is actually 
dangerous. Shackelford and WhiiehiU”® report a case of multiple 
pulmonary emboli in which a cure was obtained bj' ligation of the left 
common iliac vein at its junction with the inferior vena cava. Although 
w’e originally contended that it was desirable to expose the vein above 
the site of involvement and ligate rather than attempt to aspirate the 
proximal portion of the clot, we now believe that the latter procedure 
is pz’eferable. Exposure of the femoral vein in the upper part of the 
thigh can be performed wdth considerably less operative trauma than 
exposure of the external and common iliac veins throng a retroperito- 
neal approach. The operation can be done under local analgesia, and 
can be done in the patient’s bed, but is preferably done in the operat- 
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ing room. The palieiil is jjlaml on llie oiieraling tabic with the trunk 
on a higher level than the thigli to ineroase the venon.s ])rc.ssui’e in the 
femoral vessels. The femoral vein aiul its branches at its upper ex- 
tremity arc expo.sed. Care is taken not to manipnlnte the vein any more 
than is absohitcly necessary, because a tlirombus which is frequently 
difficult to detect before the vein is opened can be easily di.slodgcd. Lig- 
atures arc carefully and loosely ]>laccd around the common femoral 
above the saphenous, around the pi’ofunda fcmori.s, and around the 
superficial femoral. The long sajdicnous is doubly clamped close to 
the femoral and divided between the. clamps. The distal end is ligated 
and the edges of the proximal end caught either with mosquito forceps 
or fine sutures. Into the proximal end a glass suction tube is intro- 
duced passing proximally into the femoral and external iliac veins, and 
gentle aspiration is maintained, in order that a contained thrombus can 
be aspirated. Aspiration is maintained until a free flow of blood oc- 
curs from the proximal portion, indicating an abscJice of clot between 
the opening in the saphenous vein a’, d elm inferior vena cava. Because 
of the elevation of the trunk and upper parToi t!'" body tbrnre null be 
an increase in the venous pressure and expulsion of the clot is favored. 
The femoral is then ligated above and below the saphenous Uponinc 
If there is free bleeding from the profunda femoris it need not be 
ligated, but if it also contains a thrombus it is to be ligated as well as 
the common femoral. 

By the interruption of the involved vein above the silo of the embolism 
in phlebothrombosis, one can prevent embolism from oecurrijig, and in 
this way prevent infarction and fat.ality. 
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DISASTER FOLLOWING PEMORiLL VEIN LIGATION FOR 
THROilBOPHLEBITIS-, RELIEF BY FASCIOTO^^IY; CLINICAL 
CASE OP RENAL IJIPAIRIMENT FOLLOWING CRUSH INJURY 

Clabexce Dexxis, jMixxe;Vpolis, j\Itn'x. 

(From the Department of Surgery, University of Minnesota Uospitats) 

D espite the contrihntions of Ochsner, Fine, Allen, Waugh, and 
others, there is as yet no unanimity of opinion among surgeons 
as to the most adequate type of therapy to employ in postoperative 
thrombophlebitis. Tlie results published by Pine and Fz'ank indicate 
that most such cases, in which the presence of the disease has been 
demonstrated bj*- venograms, are relieved, both of local evidences of the 
disease and of the danger of embolism, b5' high ligation of the veins 
above the involved area. Allen and his associates found no deleterious 
effects to follow such high ligation, as ligation of the femoral vein above 
the fossa ovalis, and recommended free use of such ligation in cases of 
postoperative thrombophlebitis. 

In the past few months one patient so treated at the University of 
jMinnesota Hospitals has developed serious complications following high 
ligation of the femoral vein, which should be brought to general at- 
tention. 

case report 

D. AT. (Hospital No. 73931S), a 59-year-old janitor, came to the University of 
Alinnesota outpatient department, Dec. 18, 1943, complaining of a tender mass in 
the left groin. Tlie mass had developed in the previous three months, during which 
time he had been wearing a truss for a right inguinal hernia. Questioning showed 
that at the age of 10 he had had rheumatism, during which his elbows had been 
swollen and painful. He had had a left inguinal hernioplasty in 1930, pleurisy about 
1935, backache ‘ ‘ all liis life, ’ ’ and had been an excessive user of alcohol. 

Physical examination showed a small indirect inguinal hernia on the right side, 
kept well reduced by a truss. There was a scar from the old hernioplasty on the 
left side. Just below tliis scar was an egg-shaped mass 7 by 3 cm., hard, fixed, and 
tender. The left testis was atrophic. 

The man was sent to the outpatient tumor clinic because the marked induration 
and fixation of the mass suggested a neoplastic process rather than a hernia. He was 
admitted to the hospital, December 21, for excision biopsy of the mass. Exploration, 
December 24, under combined spinal and cyclopropane anesthesia revealed a femoral 
hernia containing incarcerated, necrotic omentum. The inguinal ligament was 
divided by the surgeon to facilitate removal of the sac, and a modified MeVay- 
Harkins type of repair was made, using No. 3 Cliampion silk suture. Sulfatliiazole 
was implanted in the course of the repair. 

In the first three days postoperatively the patient had a temperature as high as 
101° F., but following the fourth day remained afebrile until January 6, thirteen 
days after surgery. January 1, however, eight days after surgery, he presented a 
positive Homans’ sign on the left side, and tenderness and local heat in the left 

Received for publication, Dec. 5, 1944. 
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calf. One per coni procaine s-yinpatlietic block of the left fir.‘!t ami s-ocoml Ininbar 

levels at once, anil of the iirst, secoml, anil lliiril levels the next <hiy, rolievotl the 

patient entirely, 

January 5, twelve days after surgery, .swcliiiij; ami tciulernoss appeared nroiiml 
the wound, and .‘julfathiar.ole therapy was befpin, 1 Oin. every six hours, by mouth. 
January 7, a small amount of jiurnlcnt exudate was evacuated from the wound, 

and the temperature commence/1 to ii.se, reaching 10.").4° P. on .Tanuary 0, sixteen 

days after surgery, when the sulfonamide was discontinued because of the feeling 
that this represented drug fever. (Hec Fig. 3.) Tlic temperature dropped almost 
to normal in the ensuing three days. The wound had apparently healed by January 
12. Nausea and vomiting, January 10 and 31, were attributed to the sulfonamide. 



^J’F'X^viations in blood urea nitrogen level, urinary output, and urinary 
by fasciotomy period following relief of engorgement of the right leg 


The patient was to have been dismissed January 14, twenty-one days after the 
hernioplasty, but on the morning of this day he developed swelling, tenderness, 
and a positive Homans’ sign in the right lower leg. Lumbar sympathetic block 
failed to give relief, either January 14 or when repeated January 15. 

January 16 the patient looked sicker than at any time earlier (see Fig. 1). The 
circumference of the right calf (measured 15 cm. below the lower margin of the 
patella) was 3S.5 cm. as compared with 37 cm. a day earlier and 30 cm. a week 
earlier. At noon the right leg was pinker and definitely warmer than the left, 
and there were numerous engorged veins, particularly belovf the knee. A firm 
thrombus could be palpated extending from the knee upward to a point 12 to 15 
cm. below the inguinal ligament in or overlj-ing Hunter’s canal. 
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Three courses of thoiapj r\eie considered: (1) nioic piocainc injections, r\hich 
seemed inadvisable because of earlier c\pcricnce with fatal embolus in cases with 
little inflammatory reaction; (2) anticoagulant thoraiiy, not adopted because the 
process seemed too rapid for diciimarol and because labor trouble at the hospital 
had made help too inadequate to eiiibaik on the use of hopaiin; (>1) the ligation 
of the femoral vein above the saphenous opening. 

At 3:00 P.vr., Januaiy 10, renioval of tho .lunction of the light femoral and 
saphenous veins was completed iindei 1 per cent piocaine block anesthesia. The 
segment removed contained both liquid blood and thrombus. At the end of tins 
resection a small spurting vessel was found between the artery and the vein distall}. 
It spurted a colorless clear liquid, not blood, and it was also ligated. 

Upon removal of the drapes, the whole leg was seen to bo engorged and deeply 
cyanotic, and the patient complained of pain in the leg and of numbness of the 
sole of the foot. The calf now measured 30 8 cm. in circumference, and the tight- 
ness of tho skin soon became marked enough to render the surface shiny. The 
pulse on the dorsum of the loft foot could be casilv felt, but the right dorsalis 
pedis pulse was very' feeble, though dofinitcl} present. 

Procainod lumbar syunpathctic block was employed at once, without more than 
minimal improvement, and tho temper iitiiro of the right leg began giadually to fall. 

About 7:00 P.M., Januaiy 10, the blood pressure dropped sharply to 40/0. Ad- 
ministration of 1100 c c. of plasma and 500 e.c of whole blood returned the 
jiiessure to normal levels. Tins amount vras repcitcd the following day. At P:00 
P.vr, January' 10, tho measurements of the two legs were as indicated in Table I. 

'1’ viti J I 

CiRcuvirmLNCES or Lies Six Uour.s Anta llionr Pfmoral Vhn Liga'iiox 



niGHT 

LEFT 

Thigh (15 cm. above top of patella) 

CO cm. 

44 cm. 

Knee 

33 cm. 

30 cm. 

Calf (15 cm. below bottom of patella) 

40 cm. 

30 cm. 

Ankle 

24 cm. 

20 cm. 

Eoughly calculated volume 

94 liters 

dliteis 


The loss of fluid into tho light leg was calculated to be at least 3 litcis. The 
patient was observed in steep Trciidelciiburg position ovei night. 

Skin temperatures wore observed by the use of a thermocouple. At 9:00 P-vr. 
there was no consistent difCoience in the two legs, but by the following noon the 
temperatures in tho right leg were definitely' dropping Tissue tensions wore also 
determined late in the evening of .Taniiaiy 10 


Table 11 

Subcutaneous Tissue Tension Ulti uminations Bioiit Houns Afthi Bight 

PrMor.vL Vfin Ligation 



kight 

(cm. or wattr) 

LEFT 

(oM. or watee) 


Thigh 

24 

45 


Knee 

37 

10 5 


Calf 

39 5 

20 


Ankle 

43 

1 



The temperature of the light leg continued to fall, tho tension of tho shm 
increased slowly, and the log became more blue and black in color. Eeanastoniosis 
of the vein did not seem feasible, and division of the deep fascia was thcieforo per 
formed at G-OO P.jr , January 17, after a good spinal anesthesia had failed to bung 
impiov'cmont. Pasciotoniy' was suggested by Di. O. H. Wangensteen in line with 
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tho experimental findings of .Tepson. Longitudinal incisions were innde exti'iiding 
from about 5 cm. below tlie knee .ioint to about .10 cm. above tbe nnUlo medially 
and laterally and from 5 cm. above the knee, joint to a point 10 cm. below the 
groin mediallj', and to a corresponding level on the lateral side of the log. 'J'he 
wound of the femoral ligation was le-explorcd at this time. There had been no 
hemorrhago there, and the wound was found clean and dry. The femoral artery 
could be felt pulsating nomally in the depth of this wound, but in the course of 
tho medial fasciotomy a finger was jdaced beneath the sartorius muscle, and no 
pulsation could be felt at this level. The muscles were very edematous, and 
bulged hugely from tho fasciotomy incisions at all points. In tho lateral thigh 
incision there was arterial bleeding; this was found nowhere else. Sulfanilamide 
powder (10 Gm.) was packed into the wounds with petrolatum packing. Follow- 
ing fasciotomj-, and while the patient nas still on the table, the leg rapidly became 
warmer below the knee. 

Januarj- 20, three days after fasciotomy, the patient complained of chest pain 
on the left side, and pihysical signs suggested consolidation. . Because of pensistent 
fever and a shaking chill, penicillin nas started (10,000 Oxford units every three 
hours by intramuscular injection). It was administered thus until January 2S. 
On Januar}' 24, a roentgen film of the chest indicated an infarction of the left 
middle lobe. The temperature gradually dropped under penicillin therapy. 

January 28, abdominal cramps, distention, vomiting, and melcna appeared, con- 
firming the fear that mesenteric venous occlusion might complicate the picture. 
For the next week vomiting persisted, often bloody in character, and the patient 
remained critically ill. Thereafter, improvement in the gastrointestinal functions 
gradually took place. 

By Iilarch 1, the patient presented clean, granulating fasciotomy wounds except 
for some necrosis in the lower medial incision. Motor power in this extremity had 
been lost completely below the knee, and sensation was present, but impaired. 
Ability to flex and extend the knee was partial. 

On March 2, the patient developed. pain in the left calf, with a positive Homans’ 
sign, and tenderness in tho calf and along the course of Hunter’s canal. There 
were petecliiae overlying Hunter’s canal, and there was swelling of the entire ex- 
tremity. The leg was cold except for a small area of local heat overlying the 
femoral vein. Following three days of roentgen therapy, the pain seemed to diminish 
slightly, but the swelling became more marked, and consequently heparinization was 
undertaken, using the continuous intravenous infusion method in such fashion as to 
maintain a capillary tube-method clotting time of about twenty-five minutes. Di- 
cumarol* was started simultaneously in sufficient dosage to keep the protlirombin 
time ten seconds above the control level. Heparin was discontinued, March 11, 
because the prothrombin time had been adequately prolonged, but dicumarol was 
given until the end of the month. 

Under tliis therapy, all evidences of thrombophlebitis disappeared in one week, 
and have not recurred. 

The patient was kept in the hospital until early July for physiotherapy and 
because of a polyarthritis which now has disappeared. At the time of dismissal there 
was a small unliealed area at the lower end of the lower medial fasciotomy incision 
onl}’’, and all evidences of thrombophlebitis had been absent for three months. Func- 
tion has not yet returned to the muscles of the right lower leg, but the patient 
is able to stand and to bear some w'eight (Fig. 2).t 


•ruthor'’ft'‘fndeMpf?tk Watson tlirouKli courtesy of Abbott Laboratories. The 

autnor is inaeotecl to Dr. Watson for permission to use the drug in this case. 

be hospital in December. 1944, w'ith w-hat appeared to 

Dhlebio^ smee^ attaek of thrombo- 

effective each tinie^’ ^ '"■‘t'l dicumarol has been 

thr^nTophlebiUs'in ^ of 
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It is thouglit that interference Avith A^enons return dcA'cloped in this 
patient by the phlebitic inA'olA’'einent of those collateral veins about the 
upper end of the femur Avhich ordinarily serve as a patlnvaj' for return 
blood floAv after high femoral and saphenous vein ligation. Salvage of 
the leg by fasciotomy a day later must haAm been possible because of the 
opening of additional collateral channels. 

Of particular interest in this patient is the evidence of renal damage 
apparent in Fig. 1. PolloAving fasciotomy, the patient developed uremia 
despite a good urinary output, and there appeared to be a simultaneous 
loss in the ability of the kidneys to concentrate the urine. The damage 
suggests that Avhich has beeii described by Blalock as folloAving prolonged 
use of the tourniquet experimentally. It Avas temporary in this in- 
stance, as the blood urea nitrogen level fell, and the ability of the kid- 
neys to concentrate returned in about six Aveeks. 



patient six months after femoral ligation. The legs have re- 
lurnea to normai size, and the patient can bear some weight on the right foot. 

COMMENT AND CONCLUSION 

The possibilities of exploration of the collateral venous return in the 
upper thigh by venograms in the presence of thrombophlebitis are being 
explored. There is some tendency in this clinic in the meantime toAvard 
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conservatism in femoral ligation in tlioso eases in Avliieli more Ilian one 
Ycnons bed has been involved, l^'cmoral vein ligation, use of anticoagu- 
lants, strict conservatism, sympathetic jii'oeainc block, and roentgen 
therapy are all being used in an effort to evaluate the indications for 
each, but this evaluation has not as j-ct been accomplished. 

This case is presented as a Avarning tliat indiscriminate use of femoral 
vein ligation above the fo.ssa ovalis -for symptoms of thrombophlebitis 
is not devoid of danger,*’ 
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•In the recent past anotlier instance of Inadequate collateral venous return has 
been encountered. The patient is a 19 -year-old girl who has had a total colectomv for 
chronic ulcerative colitis and who lias liad repeated attacks of siiperflcial and ’deep 
thrombophlebitis bilaterally. Tlirombophlebitis returned one year after riglit saphen- 
ous ligaUon for superfleial disease, and right lumbar sympathectomy early in 1944 
reliev^ the sjTnptoms of the disease in that leg until December, 1944, when right deep 
thrombophlebitis again developed. A venogram showed a single narrow vein drain- 
ing the extremity. Under pentothal anestliesia a loose catgut strand was placed 
under the femoral vein. Venous pressure at the ankle tvas 7 cm. of blood, without 
compression of the femoral vein, but with occlusion by means of the strand tlie venous 
pressure at the ankle rose to 38 cm. of blood in less than two minutes. The entire 
skin of the extremity assumed a dusky, blotcliy appearance during compression of 
the vein. Ligation was not done. 

It is suggested that venous pressure measurements be made at the ankle during 
compression of the femoral vein under direct vision prior to ligation in those patients 
m ivhom there have been repeated or widespread thrombophlebitic episodes. 



THE SENSATION OF GAS STOPPAGE DURING THE ONSET OF 
ACUTE APPENDICITIS 

"With Illustrative Cases 
E. L. Keyes, Jr., il.D., St. Louis, jMo. 

(From the Department of Surgery, iraMngton University School of Medicine and 

the Barnes Hospital) 

|N PRACTICE the surgeon delays hi-s diagnosis of acute appendicitis 
i until pain localizes. The appendix may perforate wliile the surgeon 
waits. 

Precise study has revealed that the onset of acute appendicitis maj 
he made the foundation of accurate diagnosis even prior to localization 
because of a symptom complex, the gas stoppage sensation.' It is the 
purpose of this paper to illustrate the gas stoppage sensation as a basis 
for diagnosis. 

THE accepted VIEU' OF ONSET 

By onset is meant those first horn’s of vague abdominal discomfort 
prior to localization. So vague may be this discomfort as to cause some 
patients to forget or to disregard anything before the pain in the right 
iliac fossa. Therefore “it is well in taking the histoiy of any acute 
abdominal condition to focus the patient’s mind on the beginning of the 
attack,” as Richardson- wrote in 1930. 

Homans’* in 1940 described the onset of acute appendicitis in a manner 
little short of pathognomonic. He Avrote as follows: 

A very typical attack in a young adult is nsliered in by pain, wliich ap- 
pears to be due, at an early stage at least, to overdistension of the appendix. 
Thus it partakes of the nature of a colic — a sustained colic, not an inter- 
mittent one, such as is caused by a violent spasm of the appendix itself. 
Moreover, like many other acute pains arising within the peritoneal cavitj, 
it can seldom be exactly located but is referred to the center of the ab- 
domen, the region of the umbilicus, or the epigastrium. It varies from an 
almost unbearable ache to a feeling of nagging discomfort, but is usuallj 
severe and associated with nau.sea, perhaps vomiting. Very rarely is it re- 
lieved temporarily by the passage of gas or a movement of the bowels. 
After several or many hours it subsides, to be exchanged for a feeling of 
soreness in the right iliac fossa, that is, in the region of the appendix 
itself. 

THE GAS STOPPAGE SENSATION 

Note the essential elements of Homans’ description : a sustained colic, 
vaguely located in the midline (and associated with nausea and vomit- 

The author’s father, E. L. Keyes, M.D., of New York, helped in preparing this 
paper. 
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ing), rarely relieved iemporarily by Ibo imssago of gas or a movement, 
of the bowels. 

If the phrase about nausea and vomiting in pai’cnthcsis i.s omitted, 
an almost perfect description of the sensation of gas stoppage remains, 
though the emphasis is not where it should be. The sensation of gas 
stoppage merits the name because it is always a desire to }>ass gas down- 
ward rather than up and is characteristically relieved little, if at all, 
bj' whatever gas or feces does pa.ss. It is a subject i%'c sensation — a 
symptom, not a sign. Pitz* long ago recorded a characteristic of gas 
stoppage when lie noted that "a cathartic or laxative may he demanded 
by the patient.” 

Homans is influenced l)y the formula made traditional l)y Hurphy'’' 
to Avrite that the ‘‘discomfort ... is associated with nausea, perhaps 
vomiting.” lYhat 3klnrphy actually stressed is the order of symptoms, 
and not their association. He made this clear by Avriting “the order 
is all-important in making a diagnosis: First pain .... referred at 
first usually to the epigastrium .... gradually changing to the right 
iliac fossa or to the location of the inflamed appendix. Second, nausea 
and vomiting.” 

Nausea and vomiting, boAvcver, do not ahvays occur. (Sec Table I.) 
The true characteristie of the onset, prior to localization, is the sensa- 
tion of gas stoppage, persisting whether or not the hoAvels move or gas 
is passed by rectum. 

Gas stoppage is usually present at onset regardless of Avhether subse- 
quent localization is “typical,” “atypical,” or absent entirely. 

It is also essential to note that the gas stoppage sensation characterizes 
the onset of acute appendicitis and only the onset. When an acute at- 
tack begins AAoth the “pain of localization” there is no sensation of gas 
stoppage. Such cases are relatively Aincommon. 


Tabi/E I 

The Gas Stoppage Sensation in Ten Patients With Appenbicitis 
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If the patient does not mention spontaneous!}' the sensation, and few 
patients do, there are two, sometimes three, questions, necessary to elicit 
the information. 

1. “At onset, did you feel as if gas or something were stopped up 
inside ? ’ ’ 

To this question the patient with gas stoppage iisually answers Yes. 

2. “At onset, did you feel that passing gas by rectum or moving 
the bowels would relieve the feeling?” 

To this the patient answers Yes. 

3. (For patients able to pass gas or to dcfeealc during onset.) “Was 
the feeling completely relieved by passing gas by rectum or by a move- 
ment of tbe bowels?” 

To this the patient answci's No. 

EXAMPLES OF THE GAS STOPPAGE SENSATION’ IN’ PATIENTS 

Case 1. — A 22-year-old medical student, not yet studying surgery, reported be- 
cause of abdominal discomfort. The onset was gradual, about 2 I’.M. tbe day be- 
fore, March 19, 1944. Discomfort was dull and generalized in the lower abdomen, 
and to the patient it felt as though gas was stopped up inside him. He felt if he 
could pass gas by rectum he might obtain some relief, but he could pass no gas. 
The discomfort increased and moved upward about the umbillious. L 5 ’ing quiet 
helped it; eating increased it. The bowels moved without any gas passage about 
9 P.M., but the movement gave no relief. There was nausea and about midnight the 
patient vomited three or four times. He felt better about 9 a.ji. when the pain 
localized somewhat in the right iliac fossa, and at which time he was first seen. 
He took no laxative. The temperature was 98.4° F., the pulse 78. He looked some- 
what sick. When first examined there was slight tenderness one inch to the riglit 
and below McBuruey’s point, and slight tenderness by rectum. All physical signs 
disappeared completely after he lay in bed about one hour and other observers then 
seeing him found him asymptomatic and without abdominal or rectal signs. The 
leucocytes were 10,850 at 10 A.M., with 1 per cent eo.sinoidiiles, 10 per cent stabs, 
75 per cent segments, 8 per cent lymphocytes, and 6 per cent monocytes. 

The diagnosis by two of us familiar with gas stoppage sensation was subacute 
appendicitis; the diagnosis by two others was uncertain. At operation a swollen, 
red appendix was removed. It was constricted at the base with distal swelling, 
clinically acute. The histologic diagnosis was acute appendicitis. 

This patient had had a previous attack which he said was similar and for which 
he consulted a fellow staff member on July 7, 1943. Following is his note: “Vague 
onset yesterday afternoon with pain in lower right quadrant. Nausea and vomiting 
this morning, no diarrhea. Pain, however, has not been acute today. He states he 
feels better now. The belly is flat and not particularly tender. Deep pressure over 
the cecum elicits only slight tenderness. Leucocytes 14,000, stabs 3 per cent, seg- 
ments 88 per cent, lymphocytes 8 per cent. Impression: Enteritis, although mild 
retrocecal appendicitis cannot be excluded. Recommend bed rest and liquid diet.” 

Comments on Case 1 . — An intelligent patient told a clear story spon- 
taneously. He answered tlie three questions, Yes, Yes, No. Localization 
tvas indefinite. Opei-ation revealed acute appendicitis. 

Case 2. — A 24-year-old medical student reported complaining of pain in the belly 
which began June 1, 1944, at about 9 a.m. Following are the patient’s words copied 
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verbatim ns lie tnlkcfl with me at H June 2, bofoie I opernted on Iiim, names 
and irrelevant questions beinp omitted. 

“Yesterda)’ mornin'i at S o’clock 1 bad a normal bowel movement followinj; 
breakfast. At 9 o’clock I fir.st noticed mild cramps in tbo upper epipasirium. They 
didn’t interfere enough with clas.=es so I kept on with my work until ]]:30 A.M. 
Cramps wore still mild at that time. Tlicn 1 ate chili and drank a glass of milk, 
and went to Clinical Pathological Conference. I remained there five or ten minutes; 
the cramps became much wor.se. Quite a few fellow.s .'Jinolto in there; I felt nause- 
ated and went home. At about 2 r.M. T had a bowel movement, the same ns the one 
I had had this morning. T thought the bowel movement would clear everything up, 
but it didn’t seem to make any ditference, so I went biick to bed and slept till 0 

P.U. I didn’t feel like eating any supper so T came to see Pr. who said T 

had nonspecific enteritis. He gave me some papaverine tablets. They didn't help. 
About 8 or 9 r.M. I felt some distention. I felt that if I could pa.ss a lot of flatus 
or belch, it would help, but T couldn't. T tried to pass flatus or to have a bowel 

movement but I couldn’t. I slept from 11 r.M. to 2 A.M., then 1 felt tenderness in 

the right lower quadrant on palpation so I saw another doctor, who said I had non- 
specific enteritis and gave me nembutal. I slept from 4 A.M. to 8 A.M. and on wak- 
ing felt pain in the right lower quadrant. T took a glass of milk and poached egg 
on toast, then slept from 9 A.xr. until noon. T noticed that the cramps were not re- 
lieved and everything was about the same, with the same amount of tenderness in 

the right lower quadrant. In the last half hour there has been more tenderness in 

the right lower quadrant. ’ ’ 

I asked him the following quc.stions referring to the gn.s stoppage sensation. 

“At onset, did }’Ou feel as if gas or something was stopped up inside?’’ 

“No, not then; but I did fool that way around eight or nine o’clock last night.’’ 
(Eleven or twelve hours after onset.) 

“At onset, did you feel as if you might have obtained relief by defecating or 
by passing gas per rectum?’’ 

“No, not then, but around eight or nine o’clock last night I felt if I could pass 
flatus it would help and I made three unsuccessful attempts at stool. ’ ’ 

Examination showed a temperature of 99.8° F. ; pulse 90; leucocytes 16,300, with 
cosinophiles 2 per cent, stabs 8 per cent, segments 68 per cent, lymphocytes 15 per 
cent, and monocytes 5 per cent. The patient looked sick; the face was flushed, the 
pupils wide. He lay on his back with the thighs flexed. He looked dehydrated, al- 
though the tongue was moist, not furred, and the breath sweet. The abdomen was 
distended, with hyperesthesia in the right lower quadrant and tenderness and spasm 
all over the right lower quadrant, most marked about one inch below McBurney’s 
point. Kebound tenderness. No retraction of the right testicle. Tenderness on right 
side by rectal examination. Diagnosis: acute appendicitis. 

Fluids were given intravenously preparatory to operation but, during the few 
hours between admission and arrival in the operating room, the temperature sud- 
denly rose to over 104° F. (anesthetist’s report) and the pulse to 132. The patient 
looked poorly; consequently he was sent back to his room and plasma and sulfa- 
diazine were administered, with opiates, etc,, postponing operation over twelve hours. 
Operation, Anally performed by me about forty-two hours after onset, revealed a 
gangrenous appendix ruptured in two places by a large ovoid, soft olive-colored 
fecalith one centimeter in diameter. About the appendix was a local accumulation 
of pus and there was marked increase of dirty fluid in the peritoneum, suggesting 
generalized peritonitis. Appendectomy. Histologically acute appendicitis. 

Comments on Case 2 . — The gas stoppage was established by 2 p.si., 
marked by evening, yet the diagnosis was missed twice and the appendix 
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was ruptured when remo'-ed. A daiipierous illness mi<rlit liave been 
spared the patient by early diagnosis. 

Casc 3. — A 23-year-olcl medicnt student complained of abdominal pain, which had 
bespin suddenly the night before, as a sharp c])igastrie, pain. In a few minutes it 
had become severe and grip-ng and ten minutes later .spread over the upper abdomen, 
as far down as the umbilicus. He thought of something to bring the gas up but 
this feeling, he said, was not nausea, A few minutc.s later ho passed a lot of gas 
and a large soft stool. Tliis relieved him somewhat and then the discomfort was 
dull and diffuse, a soreness all over the abdomen. He felt shaky and broke into 
a cold sweat. He took hot tea with some temporary relief. An hour after onset 
he passed a large fluid stool, although no laxative had been taken. The movement 
helped somewhat, but he passed no gas. He slept restle.sslv. 

I questioned him as follows : ‘ ‘ Try to describe the feeling at onset. ’ ’ 

“I can’t describe it.” 

‘‘At onset, did you feel as though gas or something was stopped up inside?” 

‘ ‘ Yes. ’ ’ 

‘‘At onset, did it feel to you as if passing gas by lectum or moving the bowels 
would relieve the feeling?” 

‘‘Yes.” 

Localization of pain began about 6 A.M., in the right iliac fossa. He ate no 
breakfast. He lay flat on his back for relief. 

There had been many previous attacks, notably one six months before, of two 
hours’ duration. At that time he had an urge to defecate and made two efforts; the 
flrst resulted in a bowel movement, the second did not. But he could not answer 
the three questions as to these former attacks. 

He looked somewhat sick. The tongue was slightl.y furred. A point of maximum 
tenderness was found halfwaj' between the right anterior superior spine and the 
umbilicus with referred pain, no rebound tenderness, and no tenderness by rectum. 
Temperature was 98.6° F.; pulse 88; urine, 1 plus albumin; leucocytes 13,200, with 
eosinophiles 1 per cent, stabs 16 per cent, polymorphonuclears 78 per cent. 

Diagnosis; acute appendicitis. An acutely inflamed appendix was removed. 
Histologically acute appendicitis. 

Comments on Case 3. — This was tlie most enlightening history of the 
lot. A medical student called his initial symptom pain, gTiping, dnll 
soreness, then “I can’t describe it.” This real discrepancy in the story 
of an umisually intelligent yonng man shows how vague the discomfort 
was to him and the three questions cr.ystallized his notions. 

And to confuse the issue still further, to one of the surgeons, asking 
the three questions without reference to any particular time, the patient, 
thinking he referred to the present, answered, “No” to all of them for, 
localization having taken place, the gas sensation had disappeared. 

When the questions were repeated with strict reference to onset he 
gave the answers. Yes, Yes, No. 

Case 4. A 51-year-old hospital stretcher-bearer complained of cramps in the 
stomach and vomiting. Vague onset at about 2:30 r.w. caused him to take an 
enema, but he then disregarded the pain. Suddenly that evening at 6:30 p.JI., prior 
to admission, cramps became severe. In his own words, there were ‘‘cramps in my 
stomach right after I’d eaten supper and took a ride downtown. I felt them com- 
ing on and the jar of the bus would affect me so that I wanted to get otf. I feB 
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if I could get my bowels to move it- would go nwny. I got oil flic bus, wont into 
a tavern, and sat on the toilet about fifteen minutes. Tlio bowels did not move and 
I couldn’t pass any gas or anything. (At this time lie vomited once.) Tlion 1 came 
out and I was stili having cramps. All this time the cramps were in the lower jiarf, 
way down over my bladder. I went to a drug.'-tore and got some rod drops. I look 
a few drops in water and it seemed to relieve me some. Then 1 went out in the park 
and sat down on a bench and the cramps came back again. Then 1 came home 
and went to bed and took some more red drop.s. I kept going to the toilet, 
thinking my bowels would move. Finally I took two laxative tablets about lOi.lO 
r.M. About midnight the bowels semed to work gnulually. Their action would relieve 
for a bit, ju.'it for a few minutes, but 1 was never really comfortable and I never 
slept more than five minutes all night. I was up and down all the time (and vomited 
seven or eight times). Toward morning the ])ain went down to my scrotum and T 
was in for it. So I went to the doctor. ’ ’ 

He answered the tliroe questions, Yes, Yo.s, No. 

The patient appeared very sick and was holding his lower abdomen. Temperature 
was 9S.6° F., pulse 108, leucocytes 18,500. The abdomen was obe-se and there was 
marked tenderness in both lower quadrants, particularly the right, with rigidity. 
There was tenderness by rectum. 

Only the resident staff saw this patient before operation and to them the diag- 
nosis was not clear. It was agreed that the patient had peritonitis, probably due to 
appendicitis. Acute intestinal obstruction was ruled out. Some staff members un- 
familiar with the gas stoppage sensation thought the original lesion a ruptured 
gastric ulcer or sigmoid diverticulum. 

Operation revealed a ruptured appendix and generalized peritonitis. Histologically 
acute appendicitis. 

Comments oil Case 4 . — Note the gradual onset suddenly becoming 
severe; also note lioiv bowel consciousne.ss dominated the clinical picture 
^ until the patient took a laxative and how the vomiting thus induced 
was what actually brought him to the hospital. 

Case 5. — A clinical clerk’s history of a 27-yeur-old fellow- student reads, “Chief 
Complaint: dull aching pain in right lower quadrant of fourteen hours’ duration. 
Present illness: Last night about nine the patient Jiad a feeling of epigastric dis- 
tress and discomfort witli a desire to pass flatus but inability to do so. Tliis was 
followed in about one and one-half hours by a dull aching pain in the right lower 
quadrant, localized in the region of McBurney’s point. Tliis continued throughout 
the night. The follow-ing morning the patient had no appetite and passed two loose 
bowel movements. Today he has felt generally well except for constant dull aching 
pain. No nausea or vomiting. However, patient has not felt like eating todaj-, al- 
though he took a cup of coffee and a slice of toast for breakfast, a coke and a 
cookie for lunch, and nothing since that time. At present complains of mild aching 
pain and tenderness in the right low-er quadrant. ’ ’ 

Examination showed a somewhat sick patient. The temperature was 97.6° P. ; 
pulse 92; leucocytes 8,900, with stabs 2 per cent, segments 60 per cent, lympho- 
cytes 34 per cent, monocytes 8 per cent. The abdomen was flat. There was local 
tenderness and rebound tenderness lateral to McBurney’s point and tenderness by 
rectal examination. Diagnosis: acute appendicitis. Operation revealed an ap- 
pendix swollen at its midportion. Appendectomy. Histological diagnosis: subacute 
appendicitis. 

Comments on Case 5. — A straightforward case of acute appendicitis 
by every standard. It is interesting only because of the physicians 
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•^vho examined the p.atient did not elicit tlie usual answers heeause, as 
happened in Case 3, he did not succeed in making clear to the patient 
that the questions referred to the onset. So much do the two pains 
differ that even a “mild” localized pain turns the patient’s thoughts 
aAvay from consideration of the onset discomfoi’t. 

Case G. — 44-year-olcl hospital carpenter was referred by another physician in 
1940. He complained of abdominal discomfort and was actually suffering from a 
sensation of gas stoppage. At that time no one could have had an inkling of this. 

The history then taken was of lower abdominal cratnp.s beginning two days pre- 
viously and followed bj' no nausea or vomiting. He had taken milk of magnesia 
with slight result. Examination revealed no fever; leucocytes, 0,200; no localiza- 
tion of pain, and only a questionable tenderness at McRuiney’s point. Though he 
did not look very sick, he was sent to the hospital where ho had a complete exam- 
ination by the medical, surgical, urological, and otolaryngological services. 'He had 
a gastrointestinal series and a barium enema. Ho diagnosis had been arrived at 
when suddenly, twelve days after onset, the temperature and the leucocj’tc count 
rose; the patient clearly had a pelvis peritonitis, and the abdomen was c.xplorcd. A 
perforated gangrenous appendix was removed. 

Four years later the patient was questioned, in the light of our new beliefs. 
"When asked what brought him to the ho.spital, he answered, “Hot exactly a pain 
but a gnawing fight in the center of mj- stomach.” He said this “began on Mon- 
day, July 8, 1940. It started in the night. I felt O.K. the night before. It came 
on slowly, lyhcn I woke up in the morning, it seemed just a dull stomach- 
ache that I thought was cramps. I came to work thinking it would wear off. I 
didn’t see a doctor till 1 p.m. Wednesday. In the meantime I got some milk of 
magnesia and took that with no relief. It bothered me all Monday night and still 
bothered me when I got up Tuesday and was a little worse. Tuesday I attended 
a funeral. The cramps seemed to be growing a little worse all the time so I went 
home from the funeral and stayed home the rc.st of the day. I felt pretty bad the 
next morning. I came in the hospital to !=ce a doctor.” 

He then answered questions as follows: 

“Do you remember trying at onset to move your bowels?” 

“Yes, I tried to do that.” 

“With what results?” 

“No results then.” 

“No gas?” 

“No, there wasn’t.” 

“Did the gnawing sensation at onset feel as if gas was stopped up inside you?” 

“That’s just the way it felt. I couldn’t pass it one way or the other.” 

‘ ‘ WTiicli seemed to be the way it wanted to pass? ” 

“It seemed to be more through the rectum.” 

Comment on Case 6 . — The diagnosis was missed beeatise pain did not 
localize. Four years after the event the story was elicited that would 
have saved him a dangerous illness. One wonders how he managed to 
remember those vague onset discomforts so accurately. 

Case 7. — I was the patient, taken, sick on vacation. When I was admitted to, .the 
hospital, the admission note under date of April 20, 1941, was as follows: “Cliief 
complaint: abdominal pain. 

“Present illness; On Wednesday, four days ago, this 41-year-old white male 
physician was chilled while exercising. The next day he had general malaise and 
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u temponiturc of 101' F. Ho was out of town at llii> tiiiio Imt voliinu’d immediately 

and was FOcn at home by Dr. who thought his condition was due to sinusitis. 

Except for headache, the patient had no subjective symptom of upper respiratory 
infection, but soon after returning to St. I^ouis his sinuses began to drain more than 
usual. His general malaise continued. He had throe normal bowel movements and 
yesterday in the morning ho began to experience abdominal pain. Tliis was charac- 
terized as ‘tugging’ in character and generalized in situation. About 1 r.M. 
yesterday, after a light lunch, the pain became quite severe but lot up toward 
evening, although it never disappeared completely. A few hours after a light sup- 
per the pain became very severe. Still of a ‘tugging’ nature ‘as though someone 
were pulling on my mesentery.’ He was Icept awake all night and finally called 
Dr. at 3 a.m. today. At this time there was gener.alized tenderness on ex- 

amination with slight localization in the right lower quadrant. This morning the 
patient had no stool and passed no gas per rectum. Tjcueocytcs 15,000. He took 
no catharsis but last night had a low enema with passage of a little gas and con- 
siderable relief. Ho had no nausea and no vomiting but took little fluid or food 
by mouth because it aggravated the pain. He was not febrile during the period 
of abdominal pain. He had no urinary frequency, burning, dysuria, pjairia, or 
hematuria. 

“Temperature, 99.4° F.; pulse, SO; respirations, 20. 

“Appears moderately acutely ill with sallow muddy complexion. Breath fetid, 
pharjmx granular and injected. The abdomen is moderately obese, with little dis- 
tention. There was no spasm or muscle guard, hlinimal tenderness in right lower 
quadrant, medial and below klcBurney’s point. Gurgling sensation felt in the area 
of the cecum. Costovertebral area clear, genitals normal. There was no rectal 
tenderness or masses. 

“Impression: sinusitis, probably subsiding appendicitis.’’ 

That evening, the symptoms having subsided, leucocytes having fallen to 8,200, 
and the temperature being normal, it was voted that I might return home. But I 
protested that, having lost a brother by acute appendicitis, 1 should prefer mine out. 

April 23, appendectomy. The appendix was found gangrenous and ruptured. 
Histologically acute appendicitis. 


Comments on Case 7 . — One ruminates on one’s near-tragedies. Yet 
it Avas two years before the histories taken from other patients with 
acute appendicitis began to evoWe in my consciousness the notion that 
their early symptoms tvere the same as mine. 


Case 8. A 24-year-old dental student entered the hospital complaining of supra- 
pubic discomfort of twenty-four hours’ duration. 

The onset had been gradual, with a “full or .itufCcd feeling’’ vaguely referred 
to the lower abdomen. He volunteered the information that “it felt like gas stopped 
up inside. ’’ He immediately went to the toilet and passed a small, soft stool and a 
little gas. This partially relieved him. There was no anorexia. He vomited once. 


Nine hours later a physician gave a laxative and a shot in the arm and told him 
ho ryould feel well bj' morning. This satisfied the patient, who had had several 
previous brief similar attacks. Marked bowel consciousness and many unsuccessful 
efforts at defecation; only gas could be passed and the sensation was unrelieved. 
In the morning the symptoms subsided completely and the patient felt hungry and 
well. 


The temperature was 99.2° F.; the pulse 72; the leucocytes 14,250, later rising 
to 18,400 with stabs 7 per cent, segments 75 per cent, lymphocytes 10 per cent, and 
monocytes 8 per cent; the urine normal. 
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The abdomen was absolutely soft lIiouRh aliglilly dis-tended, and rcetal and ab- 
dominal examination by four dilTerent physicians failed to dctcet lenderacss. 

Cldefly because of the definite history of pas stoppape, appendectomy was ad- 
vised. The appendix was found swollen, covered with fibrin, and bound down by 
adhesions. Histologically acute appendicitis!. 

Commenis on Case 8 . — "NVithout the liislory, volunteered, of gas stop- 
page, this acutely inflamed appendix would not have been removed 
promptly, for there was no localization. 

CniLDREK 

What about children? We have seen so few of them that it does 
not seem fair to generalize. Some of the children with acute appen- 
dicitis ])roved by operation have eluded our attempts to elicit a story 
of gas stoppage, others have not. Purfher observation will be required 
to establish the reason for this. One case history is presented here. 
The story was obtained from the child, .since the mother’s story was 
misleading. 

Case 0. — A boy, l.S years old, was brought, by his mother who said he had head- 
ache, fever and eye pains. Present Illness: She said that yc.sterday ho complained 
of constipation for one day and took a la.xative last evening, resulting in two 
bowel movements. The appetite was good, :ind there was no vomiting: he slept 
well last night. Tiiis morning on arising complained of headache, eye pain, and 
photophobia. He took aspirin this morning, attended school. No vomiting, good 
appetite. There were two bowel movements today. Tc.^terday evening slight epi- 
gastric pain. This has not recurred today. Temperature this afternoon was ap- 
proximately 101° F. He was subjcetivel.v improved this evening. Questionable 
history of .similar attacks before the ago of five. 

Let us compare this history of the mother’s with one taken by a trained observer, 
Dr. M. M. Cook, directly from the same patient. 

Cliief Complaint: abdominal piain and fever. 

Present Illness: Onset gradual and indefinite about noon yesterduy, thirty hours 
ago, with vague abdominal discomfort which the patient described as an “ache.” 
Not severe, but the patient “felt bad.” Ho felt ns if a bowel movement would 
relieve the distress and he made three unsuccessful trips to the toilet. Later, on his 
own initiative, he took a laxative (Ex-Lax), and scveial liours later had one small 
semisoft stool with some transient relief. He ate jiooily at supper, .slept all night. 
He awoke with some '-ague abdominal discomfort, not well localized but generally 
low in the umbilical. He had a headache and his ‘ ‘ eyes burned. ’ ’ He took aspirin 
and went to school after a very meager breakfast of :i slice of toast and water. He 
marched in the school parade and became very fatigued. He returned liome, felt 
“very bad," took his own temperature (102° F.), and went to bed. There was 
dysphagia but not nausea. Tliere is a history of several somewhat similar previous 
attacks, none tliis severe. No genitourinary symptoms. He had mild nasal conges- 
tion for several days, but no other upper respiratory symptoms. 

Examination showed temperature 10l.S° F. ; pulse SO; leucocytes 7,000 with haso- 
philes 2 per cent, ecsinophiles 2 per cent, stabs 20 per cent, polymorpUonuclears 00 
per cent, lyniphocyte.s 10 per cent. Face very flushed, with cireumorul pallor. Jaws 
seemed full but there was no definite parotid or lymph node enlargement. Nasal 
mucosa was congested and the pharfj-nx red. The abdomen was flat with a moderate 
tenderness in both upper and lower quadrants, and rebound tenderness. Marked 
tenderness on the right by rectal examination. Dingnosis: appendicitis. Appendec- 
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lomy was done the next niorninp:, the appendix lyinp at the level of the umbilicus, 
with adhesions causing anpulation, and a feeiilith at, the hinlt, with distal swelling. 
The peritoneal cavity contained increased clear fluid. Histologically subacute ap- 
pendicitis. 

Comments on Case 9 . — AVithout the direct history from tlii.s 13-ycar- 
old hoy the diagnosis tvonld liavc hcen delayed, perliaps missed, he- 
cause of the upper re.spiratory infection and poor localization. lie 
answered the three que.stions A"es, A'es, No. Tlic gas .stop]iage sensa- 
tion established the diagnosis which otherwise was uncertain. The 
history as given by the mother was misleading. 

DIAGNOSIS .U'TER THE ATTACK 

■C.VSE 10. — A 20-ycar-old married woman was referred with the diagnosis of ap- 
pendicitis because of two attachs within the preceding three weclts. Both attach.s 
had lasted three days and had begun gradually with dull ei)igastric heaviness which 
she attributed to something she had eaten. She answered the three questions relative 
to gas stoppage sensation at onset. Yes, Yes, no. After onset she went to bed, and 
took a laxative. There was no nausea or vomiting. The bowels moved but without 
relief of the abdominal discomfort. There was anorexia, but no vomiting. After 
about twenty-four hours of discomfort of this type, pain localized in the right lower 
quadrant. There were no menstrual irregularities. She called .a, physician who di- 
agnosed appendicitis and “froze it out.” She spent three days in bed. A con- 
sultant recommended operation, for which she came to me. She was in the interval 
between, attacks, with tenderness at AIcBumey’s point the only positive finding. The 
leucocyte count was 8,800. 

I found a more acutely inflamed appendix then expected, it being so friable that 
it ruptured during removal. Histologically subacute appendicitis. 

Comments on Case 10 . — The sensation facilitated tlie diagnosis of re- 
curring acute appendicitis. 

COMJIENTS ON THE TEN PATIENTS IN GENER^tL 

The striking feature of the sensation of gas stoppage, as described 
by these patients, is the variety of names they spontaneously chose 
for it. Only one patient (Case 3) spoke of pain but since he also called 
it “a dull soreness,” “a griping,” and in answer to a question, “I 
can’t describe it,” the pain was certainly vague. Those Avho stuck to 
a single term said “gas stoppage,” “cramps” or “griping” (three 
patients), “distress,” “dull ache,” “heaviness,” “gas stopped in- 
side,” or “a stuffed feeling.” I felt a “tugging,” a “pulling on my 
mesentery. ’ ’ The patient reported as Case 6 felt ‘ ‘ cramps, ” “ a tight 
feeling,” “not exactly a pain but a gnawing.” 

In contrast, in ansiver to question 1, every one of them accepted a 
“sensation of gas stoppage” as a precise description of what they felt. 

Patients reported as Cases 2 and 4 noticed the feeling of gas stop- 
page during the onset but only some hours after the first discomfort 
began. 

The discomfort at onset was always in the midline. Pour patients 
spoke of the discomfort as generalized, four located it in the epigas- 
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trium, and one in the hypogastrinin. The discomfort of the first pa- 
tient moved from the hypogastrinin to tlie epigastrium. 

Note how real to the patient is the sensation of gas stoppage. With- 
out cathartic or enema eight of the patients could not pass gas, six 
could not pass feces, and some of them struggled to do so (Case 4). 
Yet to the surgeon the gas stoppage remains a sjmiptom, not a sign. 
It is an ineffective cramp. It disappears as localization occurs or when 
the appendix is removed. 

Table I tells the rest of the talc. Note that five of the patients 
denied nausea and vomiting. Under prevailing methods of diagnosis 
the absence of these classical sjTnptoms helps confuse tlie diagnosis. 
Equally confusing -was the fact that localization was typical in only 
one-half the patients. (No statistical deduction is to be drawn from 
this ; the eases were selected and are. in any case, too few.) 

GAS STOPPAGE AT ONSET OF OTHER CONDITIONS 

A. Present . — At onset most patients witli acute intestinal obstruction 
show for a brief time cleai’-cut gas .stoppage not distinguishable from 
that of acute appendicitis.' But this period is brief. Soon nausea and 
vomiting dominate the scene and localization occurs at the site of ob- 
struction (for example, strangulated hernia). 

One patient with terminal ileitis, without obstruction, and with in- 
flammatory changes extending to the appendix, at onset had a sensa- 
tion of gas stoppage. Similar early symptoms caused me to miss the 
diagnosis of a patient whose small inte.stine had been perforated by 
a toothpick. 

B. Ahsent . — 

C. \SE 11. — Perforated peptic ulcer. At Si-IO p.m. a youug woman entered the 
hospital complaining of very severe abdominal pain. 

Suddenly four hours previously she had felt a sharp pain on the left side over 
the fifth and sixth ribs. Previous attacks of similar pain had been diagnosed as 
pleurisy. The pain was severe, steady, not colicky. It "almost took her breath 
away"; she thought it was a heart attack. It radiated to the precordium and to 
the left shoulder but soon localized in the epigastrium. She found relief by Ijdng 
on her right side. She tried to belch and took an alkali powder. She did not think 
of taking a laxative and did not go to the toilet. No nausea or vomiting. 

She answered the two questions. Yes, Yes. But after consideration she answered 
the second question, No. In the end she said tliat belching rather than passing gas 
was what she felt would relieve her pain. Therefore, the sensation was absent. 

The patient’s actions, as usual, spoke louder than words. She took an alkali, not 
a cathartic. She made no attempt at passing gas or stool. 

Actuall 3 ' the diagnosis was never in. doubt. Phj'sical signs pointed to a perforated 
peptic ulcer; x-ray with the patient in the upright position showed free air under 
the diaphragm. 

Case 12.- Acute cholecj-stitis. A. 75-j’ear-old man, complaining of severe ab- 
dominal pain, was sent to the hospital; diagnosed, acute appendicitis. 
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Onset smlilen nt 0 I'.M. the nipUl belore. nfler retiring;. The pnin felt "like ft 
boil underneath there,” the patient pointin" .-just beneath the rishf nipple, with a 
"pulling this way,” pointing to the cpiga<-trmm. 

The pain, then, was (Icfinitc. By nioruing it hail worked down to a point one 
inch above the right antcrosuperior spine somewhat posteriorly. It felt "like a bag 
of potatoes.” For relief ho went once to the toilet but ho etlort to pass gas or to 
have a movement was in. vain. Then he vainly tried to vomit. Be took a laaativc 
and made no further efforts at stool until a noimal movement the next morning. 
This did not relievo the pain, 

Ko nausea or vomiting. No i)revious attacks. 

Ho answered the question, Yes, No, No. He felt that relief might have been had 
hy passing gas upnard. Tlicrcforc, the sensation was absent. 

A ruptured gall bladder was found at operation. 

Case 13. — ^Ruptured ectopic gestation. The patient, a 37-ycar-old woman, had 
been married ten years and was childless. No menstrual irregularities before ad- 
missiou. 

Ten days previously, while working in. a store, she felt nauseated. Shortly there- 
after there was sudden, definite pain in the right lower quadrant which lasted one 
hour, then disappeared completely. (Tlic last menstrual period had been a week 
before this and normal, hut there had been a little spotting just before onset.) 
After the pain disappeared, the patient felt as usual for ten days and kept on work- 
ing. Then the spotting, nausea, and sudden, pain recurred. This time the pain 
became steadily worse and rapidly incapacitating, and nine hours later the patient 
was brought to the hospital in an ambulance. 

Questions 1 and 2 were answered, Yes, Yes, but this feeling lasted no more than 
an. hour. The pain was not in the midlinc, as it should have been at the time of a 
real appendical gas stoppage. The pain was sharp and had been preceded by 
nausea and spotting on two occasions. 

She was referred, to a gjTiecologist who found at operation a ruptured ectopic 
pregnancy on the right side and dermoid cysts of both ovaries. 

CONCLUDING REMARKS 

The surgeon who finds time to sit by the bedside and listen to a 
patient’s yagne, rambling story of tbe onset of an attack of aente 
appendicitis (and then aim at the heart of it with his three questions) 
will discover that the words quoted in this paper by no means cover 
the names a man can call a cramp in his middle. And if the surgeon 
is interested to study how movements (inward or outward)-, position, 
digestion, atmosphere (smoky), etc. aggravate or do not aggravate the 
discomfort at onset, he has a job cut out for him — and after such study 
doubtless the surgeon will have a name for it himself. 

The writer of a clinical paper is inevitably indebted to the bedside 
battles that have clarified his notions for him. Many discussions in 
the Student Health Clinic satisfied Dr. M. M. Cook and me that the 
phrase ‘'bowel consciousness,” suggested by him, best expresses the 
patients’ sensations, but the patients themselves proved to us that 
"sensation of gas stoppage” says something to them. 

How different the second pain, the pain of localization ! This is as 
precise as the onset discomfort is vague : precise in time of onset, 
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precise in situation, precise in quality; "it feels like a boil,” "like a 
toothache,” "a real pain,” "right there.” 

What -we have called the sensation of gas stoppage occurs during 
the onset (and only during the onset) of acute appendicitis, prior to 
"localization.” Studies in progre.ss since a former paper vas pub- 
lished in February, 3944,’ suggest that the sensation of gas stoppage 
is present during the onset of forty out of fifty proved cases. Sufficient 
experience has not accumulated to warrant a more specific statement. 

But this may be said: The patients from whom we have failed to 
get a convincing story are (a) children, (b) patients with a low I.Q., 
and (c) patients who begin their attack in mid-career, as it were, with 
the pain of localization and without the brief, vague onset period that 
has been so repeatedly described in these pages. It seems, up to the 
moment, that the more fulminating cases (for example, Case 4) tend 
to exhibit the clearest picture of gas stoppage. Should further experi- 
ence confirm this hint, studj' of the onset symptoms will indeed be 
worth the surgeon’s while. 

And what conditions other than acute appendicitis show at onset 
the symptoms of gas stoppage? Notably small intestinal obstiaiction and 
other less usual diseases of the small intestine. 

What, then, of crroi's resulting from this attempt to establish a diag- 
nosis of acute appendicitis before localization? There have been errors 
enough but all the}’’ have taught us is to study the early history of the 
attack more precisely and ever more precisely. The cases cited hint 
at some of the difficulties encountered. 

The battle of the bedside! One questions, sometimes, whether the 
triumphs of the operating room impart so fierce a .ioyi Let us not 
forget, when pressed, that at the battle of the bedside the patient is 
on our side, if we happen to be right. 

The suggestions herein contained will not make the battle of the 
bedside any less sharp. Nor will the acceptance of the patient’s onset 
history as part criterion for the diagnosis of acute appendicitis, in a 
sense, make this diagnosis any easier. It is a long, tedious job to take 
a good history. 

SUMMARY 

1. A vague midline sensation of gas stoppage characterizes the onset 
of acute appendicitis. 

2. It induces the patient (a) to seek the toilet (b) to take laxatives. 

3. During the time of onset, a period from one to more than twenty- 
four hours, few patients are able to pass gas or to defecate without 
catharsis or enemas. Those able to pass gas or to defecate obtain 
little or no relief thereby. Hence, the sensation is a symptom and not 
a physical sign. 

4. This bowel consciousness is an urge downward rather than an 
upward urge of nausea or vomiting. 
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5. The sensation of jras sloi)i)afro emls -wlion ])ain localizes over the 
appendix, nsnally in the right iliac fossa. The features described are 
then altered. There is a definite pain Avhieh is different. 

6. The gas stoppage sensation is pre.sent at onset irrespective of 
•whether localization later is “typical.” “atypical,” or absent. 

7. The sensation is particularly valuable in fulminating cases. 

8. Three questions have been devised to elicit it. To find it, the 
examiner should carefully focus the patient’s mind on the time prior 
to localization of pain, to the time not when he first felt .side, but when 
he last, felt perfectly well. 
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precise in situation, precise in quality; “it feels like a boil,” “like a 
toothache,’’ “a real pain,’’ “right there.’’ 

^Vliat ^ve haA'e called the sensation of gas stoppage occurs during 
the onset (and only during the oiuset) of acute appendicitis, prior to 
‘^‘localization,’’ Studies in progre.ss since a foianer paper was pub- 
lished in February, 1944,* suggest that the sensation of gas stoppage 
is present during the onset of forty out of fifty proved eases. SulTicient 
experience has not accumulated to warrant a more .specific statement. 

But this may be said; The patients from whom we have failed to 
get a convincing stoiy are (a) children, (1 j) patients with a low I.Q., 
and (c) patients who begin their attack in mid-career, as it were, with 
the pain of localization and Avithout the brief. Amgue onset period that 
has been so repeatedly described in these pages. It seems, up to the 
moment, that the more fulminating cases (for example. Case 4) tend 
to exhibit the clearest pietui-e of gas stoppage. Should further experi- 
ence confirm this hint, study of the onset .symptoms will indeed be 
worth the surgeon’s Avhile. 

And what conditions other than, acute appendicitis show at onset 
the symptoms of gas stoppage? Notabl.v small intestinal obstruction and 
other less usual diseases of the small intestine. 

AYhat, then, of errors resulting from this attempt to establish a diag- 
nosis of acute appendicitis before localization? There have been errors 
enough but all they have taught us is to study the early history of the 
attack more precisely and ever more precisely. The ca.'-es cited hint 
at some of the difficulties eneoAintered. 

The battle of the bedside! One questions, sometimes, Avhether the 
triumphs of the operating room impart so fierce a joy! Let us not 
forget, Avhen pressed, that at the battle of the bedside the patient is 
on our .side, if we happen to be right. 

The suggestions herein contained Avill not make the battle of the 
bedside any less .sharp. Nor will the acceptance of the patient’s onset 
history as part criterion for the diagnosis of acute appendicitis, in a 
sense, make this diagnosis any easier. It is a long, tedious job to take 
a good history. 

SUWJIAKY 

1. A vague midline sensation of gas stoppage characterizes the onset 
of acute appendicitis. 

2. It induces the patient (a) to seek the toilet (b) to take laxatives. 

3. During the time of onset, a period from one to more than twenty- 
four hours, few patients are able to pass gas or to defecate Avithout 
catharsis or enemas. Those able to pass gas or to defecate obtain 
little or no relief thereby. Hence, the sensation is a symptom and hot 
a physical sign. 

4. This boAvel consciousness is an urge doAvnAvard rather than an 
upAvard urge of nausea or vomiting. 
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rectum are due to both factors, namely, injury of llie oxlriusie nerve 
supply of the urinary liladder, and interference with the normal .sup- 
portive structure.s of the bladder neek and im.sterior urethra. 

Urinary retention usually follows immediately on completion of the 
surgical procedure and. unlike retention which .so frequently compli- 
cates most operations, it may persi.st for days, Aveeks, or on some occa- 
sions even months. Failure of the bladder lo expel urine re.sponds to 
one type of treatment or another, only to recur at some later date. 

Paradoxical incontinenee is not an ninisual manifestation in some of 
these eases, especially in the later phases of eonvalcscence, and fre- 
quently requires the use of mechanical devices designed to prevent 
soiling of clothing. 

The i)rcscnec of varying amounts of residuum may persi.st for long 
periods following operation, even though patients may urinate Avith 
no Avomen procidentia frequently aggravates 

the condldon, Avhilc in men the pre.senee of enlarged p, restates may 
intensify the difficulty. . 

Prevention . — ^Probably the mo.st important problem associated Avith 
the preventiop of xirinary retention in this group of surgical eases is 
reeogniiion and con-ection of conditions Avhich are nctiA’’ely causing, 
or AAdiich ca.ii._gjye rise to, obstructiA-e uropathics. It seems to mo in 
%e light of my.cxperieuee that a A\-oman Avith a Avell-defincd cystoeele, 
particularly Avhen associated Avith urinary retention, should have a 
perineorrhaphy performed before undergoing the radical operation 
for rectal carcinoma. This vicAV is, admittedly, not that of many emi- 
neijiit sprgeons. In male patients, every effort should be made to elicit 
pertinent; .and precise information regarding urinary difficulties. In 
the event, .the patient presents suggestive symptoms, a thorough cysto- 
urethroscopic study of the vesical neck and posterior urethra is indi- 
cated. Should the exanunation disclose an obstructing prostate, a 
median bar, or vesical neck contracture, experience has dictated to me 
that appropriate measures must be carried out to correct them before 
intestinal surgery is undertaken. Again, it seems to me that trans- 
urethral resection, Avherever possible, is the procedure of choice, and 
can be expeditiously performed a feAv Aveeks prior to the intestinal 
resection. This is a purely personal vieAv of the matter, AA’^hich is 
hardly shared by surgeons in general. 

The presence of urinary residue which cannot be accounted for by an 
obstructing lesion Avarrants a complete neurologic investigation and 
cystometric study. Attempts at correcting or improving atony of the 
A'esical detrusor by cholinergic drugs such as doryl, furmethide, or 
others should be made prior to operation. Failure to obtain improve- 
ment Avarrants the performance of suprapubic cystostomj^ immediately 
folloAving the radical operation for carcinoma of the rectum. 

I belicAm a procedure well Avorth trying as an aid in preventing 
impairment of vesical function subsequent to surgery is the introduc- 
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tion of an indwelling ni'ctliral catlieler for continuous tidal drainage 
immediately before the operation, to be left in situ during tlie course 
of the operation and for a week or ten daj's after. 

Gentle and careful handling of tissues during the perineal phase <)f 
the operation, especially during the stage of separation of the rci-tmn 
from the bladder, Avill greatly minimize the ri.sk of this complicaliuii. 
Another important factor in preventing postsurgical vesical atony is 
proper packing of the perineal wound following extirpation of the 
rectum, in order to give ample support to the bladder neek duiing the 
early stages of convalescence. 

Treatment . — The active treatment of acute or subacute nrinary reten- 
tion occurring during the convalescence from radical .surgic-'l removal 
of carcinoma of the rectum consists in tidal drainage for at least ten 
days follondng the onset of symptoms. Should the proijcdure fail to 
restore full vesical function, cholinergic drugs may be ti '( d .ih'i'g '''dli 
measixres designed to cause the expulsion of urine fr-- .'U thp atonic 
iiladder through manual abdominal wall massage carried nut at regu- 
lar stated intervals, as is employed in treating those afllicted with 
((iher varieties of neurogenic bladder disturbances. 

It has been my experience that most patients with urinary I'etention 
eventually respond to conservative treatment. Before discharging a 
patient as cured, it is necessary to ascertain whether or not the bla<^- 
der empties completely after voiding. Since the tendency, towar.d re- 
currence of urinary retention in this groitp of patients is not infre- 
quent, it is advisable to have them return at least every fottr months 
in order to determine the amount of re.siduuni ijresent. Excellent 
re.sults often follow the method of gently overdistending the bladder 
with a 2 per cent solution of boric acid once or twice weekly. , . .. 

In the event obstructive uropathies have been overlooked or hnd not 
been removed prior to operation, prompt corrective measures should 
be undertaken following the onset of symptom.s which suggest Amsical 
dysfunction. It is obAdous that careful cystourethroseopic stirdies are 
of the utmost importance before the institution of corrective therapy. 

UROSEPSIS 

Urosepsis is a complication Avhich must be assiduously AA'atched for 
in all patients subjected to radical operations for carcinoma of the 
rectum. This complication is more or less dependent upon a A'ai'iety 
of conditions, some of Avhich antedate the surgical procedure, and 
others Avlueh folloAv. It is of the utmost importance for any surgeon 
contemplating a radical operation for carcinoma of the rectum to 
ascertain the exact status of the urogenital tract. Among the more 
common conditions predisposing to postsurgical urosepsis are (1) 
presence of obstructive uropathies such as vesical neek obstruction 
from hj-pertrophie prostates or median bars in men, and cystoceles in 
Avomen; (2) actwe infections Avithin the prostate, bladder, or upper 
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urinary tract; and (3) spreading infccli(>n from an ulcerating carci- 
noma of the rectum to the bladder by way of tbo regional lympliaties 
or hy direct extension. 

The most important factor in the etiology of urosepsi.s following 
radical .surgery for carcinoma of the I’cclinn is the loss or impairment 
of expulsh’e power of the detrusor muscle, Icadiing to urinary stasis. 
Another causative factor, although of less importance, is the hazard 
involved in frequent catheterization of patients A-.-ith atonic bladders. 
Patients with carcinoma of the rectum haAc a lowered resistance to 
all Amrieties of infection, and are in many respects comparable to ])a- 
tients Avith neurogenic bladders folloAving transverse myelitis of the 
cord, Avhel'e resort to frequent catheterization is definitely contra- 
indicated. 

Following extirpation of the rectum, a large cavity results Avhich 
lies adjaceiit' 'to the posterior A’csical Avail. This cavity, in a large 
percentage of patients, becomes infected immediately folloAving tb.'^ 
surgical procedure, or shortly after. 1 believe that this even'ii.u>y 
l^a'ds to pericystitis, and is l]iv."cr< le another important cau.^f of post- 
surgical urosepsis. . 

Frcvcaimx . — The prevention of urosepsis in these iiatients depends 
upon its d[6tection prior to operation, and upon the recognition of con- 
ditions Avithin the urogenital tract AA'hieh Lave a predisposing tendency 
to in-c"tion. It is obAuous that in order to discover infection or pre- 
disposing factors that may lead to infection, it is necessary to subject 
the patient to a thorough investigation of the genitourinary system 
priof to 'operation. This requires a complete cystourethroscopic ex- 
amination, pyelography, and bacleriologic study of the segregated 
urines. .Gqirection of factois predisposing to infection, such as ob- 
structive lesions anyAA'here along the genitourinary tract, should be 
accomplished before the colonic operation is ijerformed. Chemother- 
apy is instituted to control "existing infection. Frequent interval ex- 
aminations of the urine should he made and the emptying capacity 
of the bladder determined for at least one year, folloA\dng operation, 
in order to aA’oid urosepsis AA^hich may occur late in the course of post- 
surgica] convalescence. 

Treatment . — ^Urosepsis Avdiich deA'^elops after operation should be 
treated along orthodox urologie lines. Chemotherapeutic agents ad- 
ministered orally or parenterally as conditions Avarrant, accompanied 
135 ^ free urinary drainage, are the prime features in the therapeutic 
program. In the event that the source of the trouble is in the loAver 
urinary tract, the procedure of choice is tidal drainage tlirough an 
indAvelling urethral catheter, or better still, through a suprapubic 
eystostomy tube. HoAvever, it appears to me, but may he arguable by 
other surgeoas, that if the condition is in the upper urinary ti’aet, 
ureteral catheter drainage or drainage through a nephrostomy tube 
may become necessary. 
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IK.7UUY OF THE TJIUXARY TRACT 

ln3uvies to the genitou7;bary li-aet most likely to oecxu' tluving the 
course of a radical rese--;ion of tli-j rectum are (a) injury of one or 
both ureters, (b) injiu" of the bladder, and (e) injury of the urelhra. 
Injury of the ureter^, may occur during the abdominal stage of an 
abdominoperineal rrscction, and less frequently during tlie perineal 
stage. The bladder and urethra are liable to be injured during the 
"ineal stage of the operation. 

revention . — Because of its closer i)roximily to the pch'ic portion of 
' •’turn, the left ureter is more likely to be injured than the rigid 
’'e abdominal stage of the operation. To minimi>r- this danger, 
au. -le, following the re-establishment of the pelvic diaphragm, 

ynect the ureters to assure thcL- continuity and pah Should 
be inadvertently injured, •mmediate repair . 

, recommended. 

' * ; t * t * 

the lo^vermost ends oi the m-cter.s ma,v ue lujiu - . , , 

'tage of the operation, the n;f>ve likely , ■ 

bladder or posterior* ur- n-.., ^ 

reduction of a urethral ,, •, . • ^ 

t least greatly ininiiniw i: . 

danger of injuring the bladder, good visibility of the surgici.'*"? 
during the abdominal and perineal .stages is of the u;an\'' hnporlance. 
This is particularly true when liberr'ing the rectal rvc'-t from its an- 
terior and lateral attachments. Another imporan- '■..■'"•nrmg 

perfect hentostasis in order to avoid blind clampinn ’ 1 

the use of mass ligatures in a field obscured - 
Clean sharp dissection and the establishmciif of ' -planes of 
cleavage in separating the rectum from the bi--....L. lil greatly mini- 
mize this risk. It is also important to I’ecognize the presence of vesical 
wall infiltration by the tumor, which tends to expos<, li'" bladder to 
accidental injury dui-ing the course of dissection. And ‘n the 

event that the bladder is accidentally opened, it is necessary to close 
the opening promptly in layers and to introduce an indwelling urethi-d 
catheter udiich should be pei'mitted to remain in sitn for a week or 
ton days after operation. 

J'rcatmcni . — Postsurgical injuries of the ureter should be treated 
in the same manner as injuries resulting from any other cause. End- 
lo-end anastamosis of the divided ureter, using a splinting ureteral 
catheter or T tube, preferably with a complementary nephrostomy, or 
implantation of the proximal end of the severed urgter into the bladder 
when feasible, or nephrectomy providing the other kidney had been 
previously found functionally adequate to maintain life are the pro- 
cedures gmxerally recommended. It is perhaps needless to state thni 
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the prompt repair of an in.iurod ureter will yield better rcsidts and 
will entail less difliculty in repairiinj; than 'when left for some later 
date. 

Injuries of the bladder or uretbra. like injniies of the ureter, should 
be repaired immediately. In the bla.ider, for . 'camide, the openin<r is 
promptly closed with two layers of fine ehromie catgut, avoiding the 
inclusion of ve.sical mucosa in the line of .sutures. This is to be 
promptly followed by the introduction of an indwelling urethra’ 
catheter which is permitted to remain in place for a week or ten dr 
The use of sulfonamide drugs is of value here. 


The surgical problem becomes much more complex when 
with repair o’f vesical fistulas, particularly of the ])crineal t-'" w ‘ 
usually occur late in the imstsurgical course. This is due'^'^i tke v'g]] 
ence-f'* ’’l‘'^}ssue which makes iV diflicult to expose the edges 
•L’fulii'.r !./e,'/,Or • .vistcn csscntial'Mo .successful closure. I ha ‘ 

‘ ’ o ■' ’ ) iM eang needle of inestimable value h’'’ 

a!'>rrrjb bon'c’sical bsmias. in tlw'latter t.\pe of case I hav* •• 

■•'1 O' -il'TrupO'codnrc .consisting of a .suprapubic eystr .pYrnr Ju! 


Jt'rcvvi.V VI u'.iig.'jifAl' ,1 ■i!l*'easoiiable interval, by p < , al closi)rd 
upon its d’ilh-b'' ■ 'om linterim between the -And seepnd 

d’.tioiis wigr' oT‘ <-;,H : prope.v.eleansing of a peif eal wound,^ 

-i)u usually grossly- infected when the patient first comes under 
observjvtlon, ^pj,i/,lt,also irpon bolstering the patient’s resistance and 
phydcal stamina. 

jiu plage of the operation the patient is placed in 
t"’’ ; ,-;ob‘i'tr'l-"'?i9n; or prone with thighs depressed. The original 
urines. , e-i.,-,,, ei’jf’vgcd and dceijeued down to the bladder. All 
granulat.c i scar Ussue leading down to the fistulous opening in 

the blad,der a. , , . 1 and the edges of the bladder constituting the 

mo'ath 01 the fistula are freed and inverted with interrupted fine 
chromic sutures^ introduced through a T'oung boomerang needle. To 
test tJie^ accuracy of closure, a small amount of indigo carmine or 
methy,’ 'y”' i me solution is introduced into the bladder through a 
suprapulnc tube' in order to see Avhether any escapes into the perineal 
wound. The overlying wound is then salted with sulfanilamide crys- 
tals and closed in layers. Before removing the suprapubic tube, it 
must be definitely ascertained that (a) the perineal wound is solidly 
healed, and (b) the urethra is fully i^atent. To be assured of the 


patency of the urethra throughout its entire length, it is necessary to 
be able to pass freely bougies of reasonable caliber into the bladder. 


In repairing defects of the posterior urethra, which is the segment 
of urethra most likely to be injured during the pei’ineal stage -of the 
operation ni male patients, the same fundamental principles hold good 
as m the repair of injuries of the urethra following other causes. 
Small openings frequently heal following the use of an indwelling 
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urethral catheter. "NMieii larger parts of the urethra are involved, 
various plastic procedures oau he carried out through fresh incisions 
in the perineum similar tf. those employed in perineal prostatectomy. 
Similar procedures can h; performed hy reopening the original sacral 
■\voi;nd. A preliminary '.uprapubie cj'stostomy greatly facilitate'^ heal- 
ing in this group of pat icnts. 

SUMMARY .VNl) COXCUUSIONS 

This article deals vith the prevention and treatment of the more 
common urologic complications which may follow the radical operation 
for carcinoma of the rectum. An attempt has been made to explain 
the underlying, causes of these complications in order to facilitate a 
more comprehensive understanding of the principles employed in the 
oprevention and management of each, complication. ■ v . 



THE CONSERVATIVE AND OPERATIVE TKEATIMENT OF 
LESIONS OF THE INTERVEIPl ICERAL DISCS 
IN THE lAHV BACI\ 


J. Ai,ni:KT Ki:y, AI.D.. St. Louis, Alo. 

(From thr Drpartvirnt of Surra rii of thr Ifaxhinritou Thiiri r.ati/ School of Mrriictui I 

ed 

D URING recent vein's the conviction is frrowin" tlnd tlie sympton 
which we formerly atlrilnitcd to sacroiliac, or linnliosacral strain, ai 
tludlis or snblnxation, lumbosacral facet syndrome, postural strains of the 
low back, and myofascitis or fascitis in the lumbar regio'' rfi'' really due 
to lesions of the intervertebral discs in this ai'oa. 'This is c.specially true 
in paticiits with sciatic ])ain. These do not include all patients wiP 
■’ but are the large group of patients with obscure low 

f... — , '-out sciatica in which the general physical and 

laboratoi." v-vaminations and the x-rays revealed no e.xplanatio)’ ot the 
except po<j.^ibl.> u narrowmg of one or more intervertebral 

uistv . 

" , ~ ‘ "'cstigators have sought to explain the symptoms in ti^se 

low back wnth the hope that once the pathology was satis- 

factorily demonstrated it would be posidble to formulate a logical 
therapeutic attack on the lesion and thus treat these i)atients with 
coi^dence, precision, and uniform success. 

No, ■ +i,e pathology i.c luiown it seems right and logical to remove 
the proti., ucleus pulposus and relieve the patient promptly and 
comp ,y-.y. pijj, "tnriately, thf< in\ dves a rather difficult major opera- 
tion ar i , ,|,|..'‘^er this has been done a few patients complain of the 
same pa , 'I'Rty and r. considerable percentage of them are 

'’Ov comp 1 - T,, focusing onr attention on the protruding 

disc we are apt to ig: , .,.’^'0 fact that these lesions occurred just as 
frequently in the past , do today and that in the past it w^as 

possible for us to relieve t. majority of our patients wathout 

operation. 

methods which we used w'erc rest, traction, heat, support to the 
ow back, correction of body mechanics, deep x-raj’' therapy, manipula- 
TOthout anesthesia, and finally fasciotomy, operative fusion 
® ^ ® sacroiliac joints or the lumbosacral spine, or fusion with resection 
0 t e articular facets. We treated the patient conservatively over a 
considerable period and resorted to surgeiy only in those instances 
w ere pi-olonged eonseivative treatment had failed to I'elieve the pain 
an isahility and wdiere these symptoms -were sufficiently severe to 

W'aiiant a major surgical procedure followed by a prolonged con- 
valescence. 

Received for publication, Aug. 7. 1944. 
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Nov* *lur. -.ve know wliero Mie pathoio">* lies theie is no I'cason why 
we should Jiol co”r<vnr' the fame "cnei-al plan v.'illi tlic ameiidmcnl tlial 
we now have somethin'^ n ..re clofinilc in tlie field of snrrrcry lo oiTcr 
these patients if ])ro]oii"r-i cons<*rv;.iivo ti-oatnient has failed to relieve 
their symptoms or if eircumslain .‘s make conservative trf'alment iin- 
jjractical. 

1 1 is to be noted that the scv.-ril., of ^!lc symptoms and the degree 
oL disabiliis vary greatly in ditieient patients and at different times in 
. given patient. The same is trui, of the findings on physical anei 
neurologic examination. One patiertt may complain of a mild fr-'n in 
the low back which occurs oecasionalij' after prolonged standing or 
sitting or strenuous exercise and another may be confined to bod with a 
severe pa':' m the low back which radiates down tire back of ihe tbisb 
and leg : • fine foot and is lessened Inil not relieved by certain postures, 
but becomes agonizing ■w'itli tire slightest movement. 

Tn the first patient tire trhy.'rical examination may reveal nothing 
abnormal and in the .second patient pain may prevent a satisfactory 
examination. It is also to be noted that -the mild symptoms may hw-eiuc 
se%ere after a sii'ain of the low back or wilhout knowai cause and lire 
severe sjTnptoms may subside with or without treatment. It is thus 
understandable uhy many patients give a history of n.-evious fuui'.hs. 

A condition vdiich is characterize *1 by recurrences must also be eii.ar- 
acterized by remissions. 

Our assumption that the mild low back pain and the severe pain 
■nntb sciatica, and all gradations between the two e'Ctrei.ics, are,.dr‘ to 
lesions of the intciwcrtcbral in the lower linrPa^ region i.s bc’i-d 

on the operative finding of'* ]e.sions in the more s<-vo'c cases and 

the repeated clinical obseiwati.. ‘ .hat not oidy arc all grauaiions 1^* 
tween the mild and tlie severe \i.ses .seen in ditf6re'at patient'*, Imt tnc 
progression or regi’ession of signs and symp' 'is may be observed iii a 
single patient. ^ • 

Study of a series of patients suggests thai the low back ])aui ma.'’ I 
due to the lesion in the annulus fibi’osus dr a midlino protrusion find Uw 
sciatic pain to irritation of a nerve J’oolj 'n a lateral pr-'fii-sioo ''k' 
disc. 

In planning the treatment of tli^e p-atients it is necessary tu 'ida.ir 
the treatment to the patient and his symptoms. In tlie mvat m:i.’ '’.'liy 
of instances the patient is able to continue bis or her normal oeeupaTiou 
and is treated as an office patient. In others el'.ange of oecupaliou 
necessaiw. In the presence of severe pain -and disability, rest in bed 
is advisable until the pain subsides or is rolifM'd. Operation is I’c- 
served for those who do not respond to conservitive *vo,nlmeid and 
who aie sufficiently disabled to render operation j* >tif’i.bl'' and to those . 
in whom prolonged conservative treatment is I'ot piaclical. We can 
thus dmde the patients into three groups: the amhulaut, bod, and 
operative groups. 
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The diagnosis is made and tiic iypc o£ ircaiment, indicated foi’ a given 
patient is determined from llic history and physical examination. In 
many cases the Jiistory is more imiiortant. than tlie physical examina- 
tion This is because the findings on physical examination dc])cnd 
largely upon the severity o£ the .symiitoms present at that time and 
these may vary from day to day, and even from hour to hour, Fre- 
quentl}'-, a patient with a suggestive liistory is asked to return for a 
second examination when ])ain is present after exercise, prolonged 
standing, or whatever aggravates the pain in this particular iiatient. 
This is especially true with a history of prolonged disability whieli has 
not been relieved by conservative treatment and wliere operative treat- 
ment is being considei’cd. 

Routine x-rays of the lumbosacral region are made to rule out disease 
or spondjdolistlicsis or to note congenital anomalies, if prc.sent. In cases 
of long duration tlie x-ray may su])ply confirmatory evident^ H an 
intervertebi'al disc lesion, as the space lietween the bodies of two' 
vertebrae may be narrowed. But it is to bo noted that even in these 
instances the symptoms may ari.se from a neigliboring disc wliich 
presents a normal appearance in the x-ray. 

No laboratoiy examinations or elaborate medical surveys are nccessaiy 
before beginning treatment of the average patient. These patients are 
nomal individuals who have a low back strain. Before operation they 
should have a general physical examination, just as should any other 
patient who is to be subjected to a major surgical operation. 

Spinograins arc not done. If the patient is to be treated conserva- 
tivel}’’ the exact location of the lesion if : .0 importance. If he is to 
be operated. upon the location of the p '.it of tenderness in the back 
directly over the lesion, the distribution ’ the pain, and the neurologic 
findings enable an experi' :ed clinician to localize the lesion as ac- 
curately as can be done in e spi/i'O'giain. In addition, many surgeons 
routinely explore two discs ut operation. 

Treatment of Ambulant Patients . — Ambulant patients are treated by 
support to the low back, manipulation, stretching of the low back, 
and coiTection of body mechanics by exercise, a hard flat bed, vitamin 
B, weight correction and salicylates, and change of occupation if 
necessary. 

A support which lends to flatten and immobilize the low back is 
prescribed for practically all of these patients. The women are gNen 
a corset or girdle which grasps the pelvis and extends up to about the 
tenth dorsal vertebra. This has stays up the back and can be laced or 
staipped tightly around the body. Men are given a wide canvas belt 
of about the same dimensions which has stays but no pad in the back 
and straps or lacing in front. The belt is narrowed in front to permit 
sitting (Pig. 1). Many patients when first' examined are wearing a 
narrow canvas sacroiliac belt with a pad. These are less efficient than 
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the wide belt and are discarded. When more rigid support is needed 
a signet ring plaster of Paris .iacket or belt is applied. Tliis is ivide 
behind, extending from about the tenth doi^sal vertebra to the lower 
sacmm and is narrow in front, lieing shaped like a siiniet ring. It is 
applied witli tlie lumbar spine flat or flexed. The patient grasps an 
iron upright, places his feet against its base and sags backward, retract- 
ing his abdomen while the plaster is being applied. After it has 
hardened the plaster is trimmed in front to permit sitting and bending. 

If immediate suppori is indieated for acute symiitoms the back is 
strapped wdth adhc.sivc. The patient lies ])ronc with a pillow under 
his abdomen, and the cross strappdng begins at the midaxillary line at 
the level of the trochanter "i/d extends up to grasp the lower two or 
three I’ibs. This is noriv for about ten days, or until a removable 
support is obtained. 



Fiff. 1 — Lumbosacral belt as used for low back pain. (Thiee \ieus ) 


Manipulation — The object of the manipulation is to ividen the space 
between the posterior parts of the bodies of the vertebra and thus cause 
retraction of the disc. Only three maneuvers are used routinely. The 
patient lies on the unaffected side facing the surgeon ivith the upper 
(affected) leg hanging over tin side of the table. The surgeon gi’asps 
the patient’s shoulder wdth one hand and places his opposite forearm 
on the crest of the ilium. When the patient is relaxed the surgeon 
delivers a quick thinst and pushes the ilium dowm and forward 114010 
the shoulder is pushed up and back. This movement may pi’oduee a 
crunching sound and frighten the patient, but rarely causes pain. The 
manipulation is repeated on the opposite .side and the patient is then 
turned on his back and both knees are strongly flexed on the abdomen, 
thus flexing the lumbar spine. These manipulations may be folloived 
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by :i vax'iablc amount oC roliof or tbcy may bo iuofi’oclivo. Tltc back 
may be strapped xvilb adlicsivc after the mnuipxdation. 

Body .IfccJunnVs. — The patient is taufibt to sit. statid, and walk with 
the bead xip, ebiii in, eliesl up, abdomen in, back flat, and hips in. 
He is also given exercises to .strengthen the abdominal, back, glnleal, 
and lower extremity mnseles and to flex and stroteb the lumbar spine 
and elevate the diaplu’agm. 

Bed . — A piece of plywood cut to fit over the sju-ings or boards placed 
lengthwise are pul between the mattress and the .springs and a firm 
mattress is advised. This is not insisted upon if, after a fair trial, the 
patient is more comfortable in an ordinary bed. 

The patient’s diet, is regulated in an effort to cause bis weight to 
approach the normal for bis age and type. lie is given about six 
times the daily I'equircment of vitamin B complex. This has a tonic 
effect, gives most patients a sense of well-being and makes them fed 
better. If the pain is sufficiently troublesome the patient is given aspirin 
or some other fomi of salicylate and, rarely, small dose of codeine, 
or he maj' use local heat to the low back at night for pain. He is 
advised to avoid heaxy liftine-, stooping, proloxiged standing, or what- 
ever seems to him to aggravate the pain. 

As the sjTnptoms subside this regitne is gradually discontinued. 
Treatment of Bed Paiicni.s . — Bed patients are those in whom the 
symptoms arc so severe that they are not able to carry on their daily 
routine ; rest in bed is advisable and i.s an important part of the treat- 
ment. They should be hospitalized, but most of them either cannot get 
a bed in a hospital immediately or do not want to go to a hospital, so 
they must be treated at home. They are advised to place boards between 
the spring and the mattress and to remain in bed most of the time, 
lying on the back with large pillows under the head and knees or on the 
unaffected side Avith the hips and Icnees flexed (in order to maintain 
flexion of the lumbar spine). Local heat, either drj^ or as hot fomenta- 
tions, is applied to the low back and the patient is instructed to get 
in a tub of hot water once or rtvice a day and when relaxed to flex the 
knees strongly on the chest, thus stretching the lumbar spine in flexion. 
The local heat and hot bath are omitted if the back has been sti’apped 
with adhesive. 

Codeine and aspirin are given everj' four hours for pain and the 
manipulations described may be used; if necessary, morphine may be 
given before the manipulation in order to secure relaxation. 

If the patient is hospitalized he is kept in bed and is denied bathroom 
privileges. The manipulation may be performed under avertin or gen- 
eral anesthesia and when this is done forcible straight leg raishrg, hypei'- 
extension of the hips, and strong traction obtained by suddenlj'^ jerking 
the leg downward are added to the maneuvers described. 
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As the acute symptoms subside tlie patient is f^ivcn exercises to 
strengthen the abdominal muscles, ilex the lumbar spine, and con’ect 
his body mechanics. Tie is gotten xip gradually mth support to the low 
back and is permitted to resujuo his normal activities as the sjTnptoms 
subside. The ambulatoiy treatment is then continued until the patient 
is free of sraiptoms or until operative treatment is advised and accepted, 
Xo effort is made to keei) the patient in bed until the sjTirptoms are 
completely relieved, because exjtei’iencc has .shown, that prolonged rest 
in bed rarely cures a lesion of the intei-vertebral disc. 

In some clinics injections of novocain into the painful areas are used 
and reports in the literature indicate that this foi'm of treatment gives 
permanent relief in a high percentage of the patients. I have tried the 
method, but with indifferent success, perhaps because I used it onlj' 
in patients who did not respond to the methods mentioned previously. 
The same is true of prolonged traction in bed. 

If peraisted in over a reasonable period the proeedurei mentioned 
will result in relief in a high percentage of the patients (probably about 
90 per cr n't ) and tnost of these 11111 be able to return to their fonner 
occupations aV r r'n free from simiptoms. It is to be noted, how- 
ever, that som- e patients may have recurrence of the sjTiiptoms, 

either spontaneoc. following strain of the low back. The onlj' con- 
servative methods eventing these recurrences are the avoidance of 
strain and the mai .ance of good posture, and these are not always 
effective. ' 

Treaimenf by Operation . — If eonsenmtive ti'eatment is unsatisfactoiy, 
the patient is not relieved or is intolerant of his symptoms and demands 
relief by surgeiy, or if he has a long historj^ of disability ivhicli has not 
responded to treatment elsewliere, operative treatment should be con- 
sidered. 

The operation consists of removal of the protruding disc with or with- 
out curettement of the nucleus pulposus and with or without fusion of 
the spine in the involved area. The operative technique varies widely 
among different surgeons and if the best results are to be obtained it 
should be performed by a surgeon w^ho has had considerable experience 
in this field or who has visited other clinics and observed the teclmique 
of surgeons who have had this experience. 

The operation may he relatively simple, as the extraded disc may pre- 
sent itself immediately beneath the ligamentum flaimm and the nerve 
root can be reti’acted and the protrading disc lifted out. On the other 
hand, the surgeon may encounter profuse bleeding from the extradural 
\ eins and have considerable difficulty in controlling this to a point wliere 
^ satisfactory examination of the disc ; then he may have 

whether he is dealing with a normal disc or a 
hidden disc, as described 65 ^ Dandv.^ 

Opeiative Technique . — The technique is as follows; The patient is 
p ace m the prone position with a pillow under the lower abdomen and 
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the hips moderately flexed to flatten the Inmhar spine. A pad is placed 
under the unaffected side o£ the pelvis to tilt the hack of the patient 
toward the siu’geon who stands on the affected side. 

The operation can he performed under general or local anasthesia 
(1 per cent novocain for the skin and the nerve roots and % per cent 
for the other tissues). The novocain contains 4 dro^is of adrenalin to 
the ounce. Preoperative medication consists of 3 gr. of nemhutal and 
% or 5/4 of moi’phinc when local anesthesia is used. 

The skin and suheutnneous ti.ssncs arc infiltrated with novocain and 
a straight incision extending from about the third lumhar to the second 
sacral spine is carried domi to the spinous processes. The hleeding is 
controlled. The tissues on either side of the spinous iiroccsscs arc in- 
filtrated and then the needle is directed outward to the vicinity of the 
articular facets and lamina and the deep tissues are infilti'atcd on the 
affected sice. Skin towels are applied and Avith a knife and a sharp 
chisel and periosteal elevator the spinous processes of the fourth and 
fifth lumhar A'ertehrae are exposed subporiostcally. On the affected 
side the tissues are stripped from the lamina ai'G ’'.i 'crum Avell out 
to expose the articular facets and a self -ret ainin tor is inserted. 

AVith a large curette and a sponge the ligamenta veen the fourth 

and fifth lumhar and the fifth lumbar and the • ..acral vertebrae ai'e 

cleaned of the fat' tissue Avhich lies over them. J is point the spinous 

processes are grasped Artth a UcaAny-- toothed arte clamp and manipu- 
lated up and doAAui in the horizontal plane or are ^jushed upon Avith an 
osteotome in order to demonstrate any abnonnal mobility. Dandy con- 
siders abnormal mobility of the spinous process a pathognomonic sign 
of an abnormal intervertebral disc. I consider it confirmatory evidence, 
but rely more on the history and physical examination of the patient 
and visual examination and palpation of the disc. LikeAvise, I liave not 
alAvays been successful in identifying the ruptured disc by pressure on 
the ligamentum flavum. If the neiv^e root is pushed back against the 
ligament the pressure Avill cause sciatic pain, but in many instances the 
nerve root is some distance anterior to the ligament and in these pres- 
sure on the ligament does not cause pain. 

If a lesion of the lumbosacral disc is suspected the ligamentum flavum 
is separated from the deep surface of tire inferior margin of the lamina 
of the fifth lumbar vertebra Avith a thin curved periosteal elevator or 
chisel. A good-sized button of bone comprising about one-half of the Avidth 
of the lamina and extending as far laterally as possible is removed Avith 
a rongeur. 

It is possible to remove many discs Avithout removing any bone and I 
have done so, but have discontinued the practice because a much more 
satisfactory operation can be performred and the bleeding controlled more 
effecth^ely if an adequate exposure is obtained in the beginning. And 
the removal of the button of bone from the lamina does no harm. A 
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similar button of l)oiie may bo romoved from the superior mai'gin of the 
sacrum if necessary. 

Tlie ligameutum llavum is tlioii nicked Avitli a small knife, caT’e being 
taken not to incise tlio dui'a. It is gra.spcd "with an artery clamj) and 
e.xcised as completely as passible in one piece. Any remaining tags 
of the ligamentum flavum whicli may olrstruct a clear view of the disc 
are also e.xcised. The e.xtradural fat is retracted or picked out to expose 
the nerve root and this is injected Arith about V-x e.c. of 1 i)er cent 
novocain. The nerve root is A’ery sensitive and even Avhen the injection 
is done with a veiy fine needle on a tuberculin .syringe this may cause a 
severe pain doum the patient's leg. This is almost the only pain suffered 
by the patient after tlie initial infiltration of the .skin. The nerve root 
is usually injected through the ligamentum flavum as soon as this struc- 
ture is cleaned off, but this is not always successful. 

It is during or after the reTiioval of the ligamentum flavum that the 
intraspinal bleeding is encountered and a suckoj’ is ncec.ssaiy to remove 
the blood from the field. The bleeding is controlled by cottonoid .sponges 
wet with noiTOal saline .solution which are packed against the bleeding 
points and siicked dry Avith the sucker. These sponges arc of tAvo types: 
(1) strips about one-half inch wide and six inches long and (2) small 
squares about three-fourths inch across Avhich haA-e a black thread about 
tAA'elvo inches long seA\m and tied in the center to prevent loss in the 
Avound. Care is taken not to nipturc the thin-Avalled extradural veins, 
the largest of Avhich lie near the lateral AA'all of the spinal canal, but 
frequently this happens and the surgeon may be Avorking in a pool of 
blood AAuth a questionable protmding disc in the bottom of the pool, 
Ainless he has learned to control this bleeding by suction and packing. 
I haAm not used the electric cautery inside the canal for fear of injuring 
the nerA'e root. 

The sui'geon holds the sucker in his left liand and manipulates the 
cottonoid sponges or a small spatula or blunt dissector AAoth his right. 
An assistant may retract the neiwe root toAvard the midline Avith a nar- 
roAV retractor or the surgeon may hold it over Avith the tip of the sucker 
to expose the protiniding disc beneath it. In many instances the neiwe 
root is fiimlj’^ adherent to the protruding disc and must be dissected free 
before the nucleus can be remoA'ed. Usually this can be done by blunt 
dissection A\dtli a small spatula or blunt dissector. The dura may bo 
tom during this procedure and some spinal fluid may escape. I have 
not tried to suture these small tears in the dura and liaA'e not noted 
any bad effects afterivard. If ti’oublesome, they may be closed Avith a 
bit of crashed muscle. 

In other instances the nerve root is not adherent and is easily pushed 
aside to expose a glistening disc AAdiieh is bulging slightly or markedly, 
but AAdiich is not ruptured. ^Vllen this is pressed upon by a blunt instm- 
ment it is found to be compressible or like rubber. This is the concealed 
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disc described by ])amly. Tljc normal disc is fiat, and quite firm on 
pressiu’e, especially when the lumbar spine is flexed. 

If the disc is ruptured and extruded the nerve root is retracted to- 
ward the midline and the oxtnidcd material is removed with a clamp 
or forceps to expose the cavity beneath. This cavity is then curetted 
lightly with a medium-sized curette in an efi'ort to remove as much as 
possible of the niieleus ])ulposus and thus prevent a rceurronee of the 
protrusion. In using a cnretlc or forceps in the cavity of the disc, care 
is taken to introduce the instrument gently and not push it in forcibly, 
as it is ])o.ssible to penetrate the anterior ligamciit and i)ijure the aorta. 
IModerate force may be used in curetting the surface of the vertebral 
bodies and in pulling the curette oiit. However, no efi'ort is made to 
break tluwgh the plate of caililagc and bone and expose the underlying 
cancellous bone with the expectation that the bodies of the vertebrae 
will then fuse. As a matter of fact, pci-f oration of this plate is avoided. 

If the disc is not ruptured a rather large window is cut in its pro- 
truding surface, using a tenotome or a ui'cthral knife and, after the loose 
material is pulled out udth foi'ccps, the disc is curetted lightly and an 
effort is made to remove as much of the nuclear mateinal as possible. 

Unless the surgeon is fairly well satisfied that only one disc is causing 
Simiptoms, the adjacent disc is exposed and examined and treated in the 
same manner if it is found to be abnormal. If the first disc exposed is 
found to be normal the ad.iaccnt disc is exposed and examined as a 
routine procedure and is remo^ ed if it is found to be abnormal. If the 
two lower discs are nonnal the one between the third and fourth lumbar 
vertebrae is exposed and examined ajid I’emoved if it is abnonnal. This 
is apt to be the site of the lesion if the patient has had pain in the groin 
or anteromesial aspect of the thigh. 

Occasionally, in older patients vdth symptoms of long duration the 
disc has become obliterated and a ridge of bone is present along the 
margin of the vertebral body beneath the nerve root. "When this is 
found the neiwe root is retracted medially and the ridge of bone is re- 
moved with a small thin osteotome, care being taken not to leave any 
loose fragments in the spinal canal. 

The piUow is then removed from beneath the patient’s abdomen and 
the table is straightened. This lessens the pressure in the extradural 
veins and at this time any eottonoid sponges which are still in the wound 
are removed. Usually it ndll be found that there is no further bleeding. 
However, if bleeding continues the bleeding point is packed off with a 
eottonoid sponge and a small bit of muscle is cut from the side of the 
wound, crushed with forceps, and held against the bleeding point until 
the hemorrhage is controlled and the wound is closed with this muscle 
in place. 

Tlie nerve root is again retracted and the disc inspected. If the 
change in position has caused any more disc material to appear in the 
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cavitj’" this is removed. Tlie ■wound is then sprinldcd '\\'ith sulfon<imide 
powder and closed in hiyers, ush\g cliromic and plain catgut for the 
deeper tissues and cotton for the skin. A ratlicr small dre,ssing is 
applied aaid tlio patient is placed on an ordinary bed and permitted to 
lie in whatever position is most comfortable. Tlie skin sutures are re- 
moved on the seventh day and lie is allowed up on about the twelfth 
daj' and pennitted to leave the hosiiital. lie is advised to increase his 
activities gradually and to avoid .strain on the back for at least eight 
weeks. 

SiJinal Fusion . — If spinal fusion is decided upon, this is done as 
follows: The deeper tis.sues on the opposite side and an area over the 
posterior part of the crest of the ilium arc infiltrated with novocain; 
the lamina and articular facets on the opposite side am exposed sub- 
periosteally. The intenspinous ligaments and the periosteum arc com- 
pletely removed from the opposing borders of the spinous processes and 
lamina and ■v\dth a rongeur a small notch of bone is pinched out from 
the opposing borders of the bases of the spinous processes. Small slivere 
of bone are raised, but not detached from the laminae and posterior sur- 
face of the sacnim, and the cartilage is removed from the articular 
facets. 

Through a curved incision over the crest the postei'ior surface of the 
ilium is exposed, a rectangle about 1 by 1% inches is outlined with an 
osteotome, and the slab of coidex with some of the underlying cancellous 
bone is excised. A small notch is pinched out of each of tlie longer sides 
of this rectangle of bone A\*ith a rongeur, the spinous processes arc sepa- 
rated by flexing the lumbar spine, and the gi-aft, is inserted between 
them, the notches in the graft fltting in those in the spinous processes. 
As the lumbar spine is extended the graft is held firmlj' in iflace and 
closely applied to the roughened lamina and sacrum, covering the defect 
left by the removal of the ligamentum flavum. Additional cancellous 
bone may then be obtained from the iliiun, placed where indicated, and 
the wound closed. This method results in a rapid fusion and the patient 
remains in bed without immobilization for three weelvs. He then may 
be gotten up -vutli a -wade lumbosacral belt and may discard all support 
in about three montlis (Fig. 2). It is similar to the operations described 
by Breck and Basom" and Bosworth.® 

Postoperative Course . — As a rule, the postoperative course is unevent- 
ful. An occasional patient has difficulty in voiding for a few days after 
the operation and catheterization may be necessary. A few patients 
convalesce slowly and require about tlii'ee weeks’ hospitalization. Aboirt 
20 per cent of the patients complain of numbness in the side of the foot, 
wliich has sometimes pei’sisted for several months. Absence or diminrr- 
tion of the ankle jerk on the affected side has persisted in several pa- 
tients. This may be due to the novocain, to traction on the neiwe root, 
or to preoperative damage to the nerve root by the pi’otruding disc. 



KrA': u:siONS or iNTi:KvruTi:nKAL in low back 


301 


In a series of 120 consecutive operations foi- ruptured intervertebral 
discs there ^\cre three heiuntouins which ■wore cvncualcd, two mild -wound 
infections, and one severe -wound infection. In the severe infection the 
patient developed a staphylococcus septicemia. In this patient the 
wound healed normally, the sutures were rcnio\cd, and there wa.s no 
e\idence of local infection until the tenth postoperative day, but the 
temperature rose on the third postoperative day and the septicemia was 



I'-iB 2 — Postoperative lumbosacral fusion by using slab graft from ilium 


apparent a few daj^s later. It is possible that this nniisnal com-se was 
due to the local sulfonamide in the wound. In spite of large amounts 
of penicillin the septicemia pursued a rapidly fatal course. The autopsy 
revealed no localized lesions except the wound and there ivas no evidence 
of meningitis, in spite of the fact that the dura had been tom slightly 
Allien it Avas dissected free fiom the protruded disc. 
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niscupsTOX 

Ihe results of llio oj)eration in my liands liave not liecn as uniformly 
successful as I vrould wish. Some of my piitienls M'ho have Iiad definite 
discs removed are still complaining of pain and disability. One of these 
vas re-operated and as no cause for flic pain was found the .spine was 
fused, but the pain lias jiersisted. In two instances where a primary' 
bone chip and llilibs fusion was done at tlie time of the removal of the 
disc, reoperation with removal of tiie fused area on tlie affected side 
has re.sulted in complete relief in one patient and partial relief in tlie 
other, although nothing was found at either ojieration to c.xplain the 
pain. Likewise, some patients in whom no patliology was found at the 
operation have been free from pain after Die ojicration. 

The explanation of failure to cure is not known. Undoubtedly, some 
of the failures are due to protrusion of a second disc which was not 
removed at the operation. Olhei-s are due to rcemTCiicc of protrusion 
of an incompletely removed disc. In others there seems to be a peraist- 
ing neimtis in the involved nerve roots. In one patient treatment inth 
deep x-ray therapy ha.s been followed by partial I'elief. 

In some cases compensation is a factor and operation in the.se cases 
is to be avoided unless tlie history and clinical findings are clear cut 
and the patient apiieais to be anxious to get well and return to work. 
It is moi’e satisfactory to have the case settled and then let the patient 
decide whether or not he wants to he operated upon. It is very diffi- 
cult to return these patients to a job involving manual Ifibor as long as 
they are draviug compensation and trying to settle their claim. IMuch 
the same is true of enlisted meu in the Armed Forces. Elective snrgeiw 
on the enlisted man should be nndeifaken only after a thorough trial 
of consexwative treatment and in most instances it is wise to place these 
men on limited seiwiee immediately and continue the conservative treat- 
ment while they are doing duty. 

I do not believe that spinal fusion Avill result in relief of symptoms 
in many of the patients who have not been i-elieved by removal of tlic 
disc. I am now fusing fewer spines tlian I did two years ago and am 
no longer using hone chips over the open spinal canal after the liga- 
mentum flavum has been removed, but prefer the notclied plate graft 
described. I am not sure that the unusually thorough curettement used 
bj Dandy^ will result in fusion. The occurrence of Schmorl’s nodes in- 
dicates that the interior of the vertebral body is very xinstahle if the 
osteocartilaginous plate is perforated or removed. 

At present I know of no acceptable indications for fusion of the intact 
spine after the removal of a protniding inteiwertebral disc. In some 
e mies the spine is fused if a congenital anomaly is present, in others 
t le spine is fused if the lumbosacral joints are considered to he tmstable, 
an m others the spine is fused if hj-pei-trophic changes are present, 
i one o these are acceptable reasons for fusion. At present I do not 
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fuse the spine if a definitely abnormal disc has been removed, but re- 
serve this operation for those patients with long-continued, chronic back- 
ache in whom the x-rays reveal a eollajised disc and in whom no pres- 
sure on the nerve roots is found and relieved at the operation. If 
spondylolischisis or spondylolisthesis is present, fusion is indicated if 
operation is indicated, hut in these ca.ses the spine is not intact and ex- 
ploration of the disc is rarely indicated if the pain is relieved by rest in 
bed. 

From what has been written here it is evident that we shoidd continue 
to treat low back pain, with or without sciatica, conservatively and that 
we should reserve operative removal of the discs for those ])atients who 
do not respond to conservative ti'catment. It is also to be noted that 
the operation in its present stale of evolution is not a completely satis- 
factorj' answer to the ])roblem, hut the same is true of most operations. 
In relatively few surgical conditions do we expect to cure 100 per cent 
of the patients of all of tlicir .symptoms by operation. AVlien viewed in 
this light reriioval of a ruptured intervertebral disc is a sound surgical 
pi’ocedure if the eases are properly selected. ‘When patients are not 
relieved by the operation, or when symptoms recur, the conservative 
treatment along the lines dc.scribed should be used and they should not 
be operated upon until this has failed to give relief. 
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CRANIOPLASTY WITH TANTAl.LAI PLATE 
Ei;port or Eight Casi:s 

De^vx II. Echols, M.D., .vnd J. A. Colclough, M.D. 

New Orleaxs, La. 

(From the Department of Surpery, Division of 2fcvros'urgcry, Tnlane University 
School of Medicine and the Section on Xcnrosv'-ycry, Ochsnrr Clinic) 

T ANTALU^I is a biologically inert metal in the sense that it does 
not corrode and does not irritate living tissue. It is the seventy- 
third element in the periodic table. Ekcberg, who discovered it in 1802, 
gave it its name liecause he found it tantalizing when he attempted to 
dissolve it in mineral acids. Despite its discovery over a century ago, it 
was not until 1940 that this metal was introduced for surgical use.’ For 
the surgeon, particularly the neiu’osiu’geon, it may prove to be the 
ideal metal, but sufficient reports of its clinical use have not yet been 
made to justify this conclusion. 

Pudenz and Odom,- in the e.xperimcntal jtudy to develoii a material 
which would prevent meniugoccrebral adhesions, reported absence of 
foreign bodj- reaction and failure of development of adhesions between 
the cerebi’al and meningeal surfaces following the ])rolonged applieation 
of tantalum foil to the surface of the brain of cats. Pudenz’ subse- 
quently made an experimental comparison of the reaction induced by 
tantalum and silver clips implanted in the brain and meninges of cats. 
He found that the tantalum clips pi’ovoked minimal reaction, in contrast 
to considerable leucocytic infiltration following implantation of silver 
clips. Later, Pudenz^ demonstrated the inertness of tantalum in ani- 
mal tissue when he used tantalum plates to repair cranial defects in 
cats. Polloning removal of .the plates with the surrounding tissue in 
one block, the plates were foiuid to be enveloped in a delicate mem- 
brane which was adlierent to the dura but easily separated from it, and 
the metal was found to be unchanged. There was neither inflammatory 
leaetion nor osteoplastic inhibition at tlie edges of the defects and the 
capsules suiTounding the plates were not of a progressive nature. 

Since this Avork of Burke, Pudenz, and Odom, a number of neuro- 
suigeons have been using tantalum to repair cranial defects. Fulcher’ 
lecently reported excellent results in one ease. Penfield, Cone, and 
Spurling, in personal communications to Pudenz, have stated that they 
ave used tantalum plates in the repair of cranial defects with uni- 
oimlj excellent results. Prom peraonal communications we have leaimed 
t at my neiirosurgeons are using tantalum almost exclusively for the 
repair of cianial defects. It is beReAmd tliat 500 cases of cranioplasty 
with ta ntalum could now be assembled. 

Received for publication, July 2S. 1944. 
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Tantalum'* is manufactuvcd in the form of sheets, foil, ribbon, wire, 
screws, and orthopedic plates. Because of it.s widespread use in the 
manufacture of war material, it has only recently been released in limited 
quantity to ci^dlian surgeons. * 

Among the physical properties of this metal wliicli make it of surgical 
value are strength and malleability. In its annealed state it is ductile 
and can be drawn into fine wire, which makes an excellent suture mate- 
rial. 

preparation op plates AND OPEUATIVE TECHNIQUE 

A tantalum plate can be laid on the skull so as to cover the defect 
completely (onlay method. Fig. 1, A) or it can be trimmed to the 
exact size and shape of the defect and inserted (inlay method, Fig. 1, B). 
For cranioplasty with the onlay technique a plate .0125 inches or less 
in thickness is desirable. The location and configuration of the defect 
in the slaill sliould be noted. A sheet of metal should be cut to the 
approximate size and shape with tinsmith’s shears and hammered to the 
correct curvature with a ball iiecn hammer. A skull should be avail- 
able in the worlcshop as a guide. Many perforations should be made 




in the plate with a drill to facilitate suturing or wiring and provide 
for escape of cerebrospinal fluid and blood into the subgaleal space from 
which it ma.y be absorbed or aspirated. Some observers state that a 
perforated plate is not desirable because the scalp is more apt to 
become attached to it. 

At operation, under local or general anesthesia, the defect in the skull 
is exposed by reflecting a flap of scalp. The periosteum is retracted 
from the edge of the defect in the skull so that the metal plate can 
be laid in direct contact with the bone. If the plate is found to be too 
large, n ecessaiy altei'ations should be made with the shears. The plate 

♦Tantalum Defense Corporation. North Chicago, HI. 
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should, of course, bo somewhat larger than the defect in the skull It 
is important that the edge of t)ie ])]ate be in contact with the surface 
of the skull if a ]jalpablc ridee is io be avoided. The periosteum is 
brought over the plate and sutured with cotton, silk, or lanlalnm. In 
ease of an inadequate periosteum it is important to fasten the plate to 
drill holes in the skull hy means of tajitalum wire. A plate cmn also 
be secui’ed to the skull with two or liiree tantalum screws, illigration 
of insecurely fa^tened plates has occurred. The sealj) i.s clo.sod in tuo 
layers with inteiruptefl sutures of silk or cotton and a ])re.ssin'e dresshig 
is applied. 

hxlayi Method . — The inlay method of crtinioplasty with tantalum in- 
volves the making of positive and negative casl.s of the defect in the 
skull. The plate is then swaged into the dc.sired shape. This method was 
demonstrated at tlie meeting of the American Academy of Iseurological 
Surgery in Battle Creek in 1943 by dlayfield and Levitcli and is pre- 
sented in a motion jiicture made at the lYaltcr Kced General Hospital- 
lYith a few special instruments the outer table of the skull is chiseled 
away around the entire peripliery of the defect. This jmrmits the 
plate to rest on the ledge formed by the inner table. The metal plate is 
flush with the surface of the cranium (Fig. IB). Tlie i^late is fivml,\ 
secured by driving several triangular tantalum wedge.s into the bone, 
much as a glazer secures the windowpane. If the cranial defect js on 
the forehead, the inlay method is csj)eei!il]y desirable, as a .slight!} 
better cosmetic effect can he olhainod. 

The inlay technique is an excellent one but i.s not univci‘.sally suitable 
because it is time consuming and expensive even tliougb the material 
and equipment are available in dental laboratories. We have not used 
this technique and are reasonably well satisfied with the simpler one 
already described. 

KF.SU(.T.S 

We have used tantalum plate io I’cpair cranial defects in eight cases. 
Two patients had depx’essed fi’aclures, I'ccently healed. Three had old 
depressed fractures, complicated b}' convulsive seizures. Also included 
was a large defect of the frontal bone following osteomyelitis, which 
had been “cured” h}" surgical treatment. A case of parasagittal men- 
ingioma with exostosis at the vertex in which a large operative defect 
was repaired at the time of operation is presented. Another patient 
presented a compound fracture of the frontal hone with loss of the 
frontal sinus and roof of the orbit; llierc was displacement of the globe 
with diplopia. This case presented a difficult prosthetic problem because 
of the peculiar shape of the plate to be made. 

In this small group of cases there were two complete, failures. One 
patient (Case 4) returned to the hospital one year after operation on 
the frontal bone for osteomyelitis. A plate was applied hut this was 
promptly followed by infection, whether because of defective aseptic 
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teclinique or ns llic result of stirriu? up Intent infection by too early 
repair, we cannot say. In anotlier patient (Case I) tbe ])latc bad to be 
removed one year later because of infection. This is difficult to explain, 
as tlierc were coinplicatinir factons ineludinsr the fact that the plate 
was inserted into a potentially infected Avound. A more likely explana- 
tion is that the edge of the plate may have been elevated fi’om the 
skull at one point Avith resulting erosion of the seal]). In the other 
six eases the plates have remained in ])laec after periods i-anging from 
tAVo and one-half to fifteen months. In one of these (Case 6) the 
results arc not entirely satisfactory hceausc the patient complains of 
an intermittently sore .seal]) oA'er the plate. This suggests the possi- 
bility that the plate may beeojiic hot Avhen the patient is AA-oi-kijig in 
the sun. There is an untraeeable rumor that cranial plates of tantalum 
absorb heat if the patient is exposed to sunlight or diathermy. The 
authenticity of this statement should be establi.shcd befoi’c too extcnsiA-c 
use of this metal is made. 


CASK REPOKT.S 

Case 1. — 1. L., a Xegro, agcC 47 j’Cars, Avas ntliniffcd to Charity Hospital in 
Xew Orlean-s, Jan. 22, 1P4.S. Fivo day.s previously he was hit over the head by a 
car crank and Ava.s unconscious for two dny.s. At the time of admission lie Avas 
conscious and able to AV.alk hut was aphasie. Otherwise, neurologic examination 
gaA-e negative results. On the left side of the head there Avas a scalp Avound 
AA'hich had been closed by throe siuures and was healing by first intention. Deep 
to this Avouud an osseous depression Avas felt. Roentgenograms revealed a de- 
pressed fractnre of the skull invoh ing the parietal and temporal bones. Feb. 2, 
1943, eleven days after the in;iury, a small scalp flap Avas reflected doAA'nAvard over 
the ear. A trephine Avas made near the edge of the depressed fracture and all of 
the fragments were removed. One fragment had been .driven through the dura. 
AVhen this fragment Avas removed, an underlying arterj' on tlie surface of the 
brain began to bleed. In order to control this hemorrliage the dura AA’as opened 
Avidely and then closed Avith interrupted cotton sutures. A perforated tantalum 
plate, Avhich had already been prepared, was trimmed to the proper size and laid 
over the defect. It Avas fastened to the periosteum Avith several cotton, suture.s. 
Convalescence Avas complicated hy bronchopneumonia Avhich had cleared up by Feb. 
6, 1943. The patient was discharged from the hospital Feb. 12, 1943. At re- 
examination, March 19, 1943, the Avound had healed and the aphasia had completely 
disappeared. The patient had no complaints. In May, 1944, the patient returned 
to the hospital because the tissues around the plate had become infected. Inspec- 
tion disclosed an ulcer of the scalp 2 cm. in diameter through Avhich the plate 
could be seen. Pus escaped from the opening and the entire scalp flap Avas SAVollen. 
The plate Avas removed a feAv days later and the infection promptly subsided. 

Case 2. — B. L., a AA'hite man, aged 21 years, AA’as aclnritted to Touro Infirmary 
Feb. 26, 1943, because of multiple contusions and lacerations caused by a fall. Tavo 
lacerations of the scalp had been sutured at a first-aid station; healing by first 
intention resulted. Eoentgenograms of the skull made some days later shoAved a 
comminuted depressed fracture of the frontal bone. This proved to underly one 
of the healed lacerations. At operation, March 12, 1943, tAvo Aveeks after the 
injury, a small scalp flap Avas reflected to expose a depressed fracture about the 
size of a quarter. A trephine Avas made adjacent to this and the depressed frag- 
ments wore removed. The inner table was more C-Xtensively fractured than the 
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outer tabic. The dura was intact. A .«:niall amount of organized blood clot was 
also removed. A perforated tantabim plate, which had been prepared in advance, 
was laid over the skull defect and fastened to the periosteum with one cotton 
suture. The scalp was closed in two lajcrs with cotton and a pressure bandage 
was applied. Convalescence was uneventful and the ])aticnt wa.s discharged from 
the hospital on the eighth postoperative day. June 2o, 19-11, fifteen months after 
operation, the patient wtotc that he was well and completely satisfied with the piate. 

Case 3. — F. E., a Negro man, aged 29 years, was admitted to Charity Hospital 
in New Orleans, June 4, 1943, because of jacksonian < onvulsions on the right side, 
lie sustained a simple depressed fracture of the skull m October, 1910. In October, 
1941, he began having frocjucnt convuNions. There was a palpable depression of the 
loft parietal bone. Juno 24, 1943, the skull was exposed, a trephine opening was 



Fte. 2 (Case 3). — Postoperative view showing plate wired in place over defect. 


made, and the depressed poition of the skull lemoved. One fragment of bone had 
penetrated tlie dura. The dural opening was enlarged to permit removal of this 
fragment; the biain appealed normal. A previously fashioned tantalum plate was 
cut to the correct size and wiied in place over tlie defect (Fig. 2). There were 
no T ostoperative convulsions. Tlie patient was discharged from the hospital, July 
7, 1943, with instructions to take anticonvulsivc medication for one year. He was 
drowned while swimming in Februarj-, 1944. 

Case 4. — J. H., a Negro boy, aged 16 years, came to Charity Hospital in New 
Orleans, June 28, 1943, because of a defect in the frontal bone. July 14, 1942, 
he was operated on for extensive osteomyelitis;* all of the infected bone, including 

•Operation by Or. Guy Odom. 
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most of the ■walls of the fiontal sinus, ^vas removed. Fallowing an uneventful con- 
valescence lie was dischaiged from the hospital, Aug. o, 1942. Eoentgenologic 
examination, July 29, 1942, showed an extensive defect in the skull hut no evidence 
of sequestra or infection. He returned to the hospital one year later to have this 
defect repaired. July 22, 1943, an inci.sion was made thiough the scar of the old 
hypophyseal tv pe flap and the scalp reflected. After adequate hemostasis iiad been 
obtained, a previou'-ly .‘•imped tantalum plate was laid over the defect. It fitted 
so snugly that sutures were not deemed necessary. The flap was closed in one 
laver with cotton sutures. .Tulv 24, 1943, theie were 10 c.e. of scro.sanguineou.s 
fluid aspirated from beneath the flap, .luly 2S, 1943, sjmilar material, 50 c.c., nas 
withdrawn, t'ultuie -•howed Staphylotoccu.s pnoycnis ourtiis. There was little 
fever or pain. Atterapits to save the plate rrcre evt nfually abandoned and it 
was removed on Aug. 20, 1943. The wound wam closed in one laj'cr, and a rubber 
drain left in place. Convalescence was without incident and the patient was 
discharged, Aug. 23, 1943. 


1 



Fig. 4B (Case 5) — Postero-anterior view' showing reconstruction of portion of 
frpntai bone and supra -orbita! ridge; the portion of tlie piate which forms the roof 
of the orbit m seen in Fig. 4A. 

CiVSE 5. — .1. P., a 51-year-old white man, was admitted to Touro Infirmary, Aug. 2, 
1943. Nine months previously he had sustained a compound fracture of the right 
frontal bone which had healed following debridement. The frontal sinus, supra- 
orbital ridge, and part of tiie roof of the orbit were missing; this produced dis- 
placement of the ev'e and diplopia (Fig. 3A). No pubs ' ' --..--i -era 
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con plained of luiiubnops of (he forehead, pain in thb rijrlii hide of the foreliead, 
and dmiWe vision. A eoronal incision was made just behind (lie liaitlinc of (lie 
foreliead and the scalp rellectod over the eyes and nose. Bhar[) dissection was 
required to separate the scalp from (he dura; no diOicnlty was encountered in 
separating the dur.a from the periorbita. A jireviously fasliioned tantalum jilate 
was trimmed to the e.vact sire with tin shears and slipped into jio.sition to jeplucc 
the missing supva-orbital ridge and the loof of the oibit (Figs, d.-t and All). Fol- 
lowing an uneventful juistopenitivc cour.se the jiatient was discharged from the 
hospital, Aug. 3S, 1043. The oiiginal sciir was reptiired some months later. Ke- 
e.xamination in February, 1044. showed a satisfactory cosmetic result (Fig. 37?) 
and practically complete coirection of the diplopia. However, the fiontal jiain 
.still persisted. 



Pig. 5A (Case 7) — Preoperative view showing exostosis overlying parasagittal men- 
ingioma. 

Case G. — E. C., a white man, aged 43 years, was admitted to Charity Hospital 
in New Orleans, Aug. 16, 1943. Twenty years before, he received a gunshot wound 
in the left temple from which he recovered except for trrrid aphasia. He was well 
until December, 1042, wlien he began to have headaches originating at the left 
side of the nose. Two months before admission he had a convulsion during which 
he was unconscious. Two weeks before he came to the hospital, he had another 
convulsion. B.xanrination revealed the scar of an old wound in the left temporal 
region witlr a palpable defect at the same site. The scalp was adherent to the 
underljnng trssues. Eoentgenograms revealed the presence of a cranial defect and 
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numeious shotgun poilof'- in (Iitj soft tissue^, sojne outside iiiid sonic jii'-t inside the 
eianial cavity. Aug. 2 (< a se-dp flap was reflected doanaard o\er the car. 

Tlie soft tissues wivering the dofeef acre dis'.i-etcd from the dura and the defect 
m t)ie shull a'as enlarge J to two inches in diameter. The e.\po=cd dura aas ex- 
cised with difficulty. Al.iuy adliesioiis between the brain and dura and many large 
xcssols weTe encountered. A scarred area of brain one and one half inches in 
diameter wrs noted with cystic spaces near the surface. ICothing was done to the 
scar bccau'-e of it' localiun foi fear of making the njihasia wor.so. A prcvioiisb 
shaped tantalum plate wa*. cut to the correct size, laid oxer the defect, and wired 
.iito place. The patient was giien 1’^ gr. of sodium, djU-diphcnyl hydantoinatc 
(dilatin sodium) thice limes a dnx-. Convalescence was uneventful. He had no 
conx'ulsions pnor to discharge from the hospital, Pept. S, Ifi-t.'i. 



Fig. 5B (Case 7). — Postoperative view showing large tantalum plate covering opera- 

tne defect. 

April 26, 1944, eight months after operation, tlie patient wrote that he was 
free of convulsions but that he still suffered from the headache xvliich. had begun 
in December, 1942. The pain is apparently brought on by working two or three 
consecutive days on his farm. This point, together xvith the fact that the scalp 
over the plate becomes sore, suggests the possibility that the plate becomes heated. 
On the other hand, headache was a major complaint before insertion of the plate. 
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Case 7. — S. P., a white woman, aRCtl (52 ycais, was ailmittod to Toiiro In- 
firmary, Oct. 20, 1943, becan.^o of exostosis of tlic sl;uU (Fig. 5.4) accompauiod 
by other evidence of a parasagittal meningioma. Oct. 20, 1943, a large U-shaped 
flap of scalp w.a.s reflected .'o tliat the hyperostosis and a margin of nonnal skull 
could be removed in one piece. A stalk of neoplastic tissue which connected (he 
hyperostosis with a largo parasagittal incningioina wa.s broken with the finger. The 
dura was opened on each side of the sagittal sinus. On tlic left was a small 
meningioma wliich proved to bo an extension (through tho sinus) of the larger 
tumor. Both tumors, tho adjacent dura, and the intervening sinus and fal.x were 
removed in one piece. Tlio depressed portion of the right hemisphere promptlj' 
expanded. Tho cut edge of the dura was sutured to the periosteum around the 
entire periphery of the defect. in the skull. A previously prepared tantalum plate 
was laid in place over the defect (Fig. 524), the scalp was closed with cotton 
sutures, and a pressure dressing was apj lied. 

At the time of rce.xaminatioa, May 2, 1944, the patient was found to be in 
good health. She had regained tho ability to Avalk, her personality had returned 
to normal, and the convulsions had eea-cd. At two places the edge of the piate 
could be palpated and the patient complained of tenderness. It was realized at the 
time of insertion that this was uot a perfectly fitting plate. 

C.VSE S.--J, M. E., a white man, ago*l 5G years, was admitted to Touro Infirmary, 
Jan. 31, 1944, because of convulsive seizures and headaches. lie had sustained a 
penetrating wound on the left -ide of the head at the age of 5 years. From 
the age of 20 until the time of a craniectomy at the age of 31 ho e.xperienccd 
frequent severe convulsions with loss of consciousness. This operation (cr.aniectomy 
at the site of the old wound and possibly excision of a meningocercbral cicatrix) 
was followed by temporary homiph gia but it gicatly diminished the frequency and 
severity of the coni-ulsions. The i 'tient had also had a prostatic operation, open 
drainage for empyema, and nophrop' vj'. 

Examination disclosed a cranial lefoct on the loft side near the midline and 
about one inch back of the hairline. An encephalogram, made Feb. 1, 1944, showed 
moderate dilation of both lateral M'ntricles, the left being larger. There was 
slight tenting of the portion of the \cntricle nearest the cranial defect. At opera- 
tion, Feb. 5, 1944, the cranial defect measured 3 by 5 cm.; it extended to the 
midline. The opening in tlie skull was enlarged with rongeurs. The dura, which was 
firmly adherent to the brain, was excised to the margin of the sagittal sinus, dis- 
sected free, and discarded. The sinus was inadvertently opened at one point and 
had to be closed with a suture. There were no adhesions between the medial sur- 
face of the hemisphere and tiie falx- The brain scar was smaller than a dime 
and nothing was done to it, although it was probably far enough forward to have 
been removed without causing motor symptoms. A tantalum plate was laid over 
the defect and fastened in place with two tantalum wires. The periosteum and 
scalp were closed in layers. Feb. 10, 1944, some fluid, which had accumulated 
under the scalp, was aspirated with a needle and syringe. N'o convulsions occurred. 
The patient was discharged from the hospital, Feb. 15, 1944, rvitli instructions to 
take sodium, 5,5-diphenyl hydantoinate (dilantin sodium) for one year. He was 
asked to come back for removal of the brain sear if the convulsions returned, 

April 19, 1944, two and one-half months after operation, tlie patient wrote that 
lie was working (watch repairing) and free of all head pain. He had experienced 
two light convulsive seizures without loss of consciousness and as a result had 
given up dilantin and gone hack to taking plienobarbital, % gr. tliree times daily. 

SUMMARY 

The properties of tantalum which make it a suitable metal for re- 
pairing cranial defects are enumerated and experimental evidence to 
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support this contention is cited. A teclinique of preparing tantalum 
plates for cranial defects is described. Might cases in u'hich tantalum 
plates were used to repair old or new cranial defects are reported. 
Satisfactory results were obtained in all but two instances, a case of 
osteomyelitis of the skull, which immediately became infected, and a 
compound fracture of the skull, not debrided at the time of injiny, 
which became infected one year after eranio])lasty. 
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Thrombo-Embolism 

O PKJL\TlVE IveiUineiit in all fields of surgical endcavoi' has been 
steadily improved due, in pari, lo the analytic study of complica- 
tions and end results. It has been demonstrated that while the primai’y 
procedure might be corrcefly chosen and metieulou.sly carried out, a 
fatal result nas frequently due lo secondary involvement of other or- 
gans and vital physiologic functions by di.scase processes initiated by 
trauma of operation, anesthesia, and other mechanics of treatment and 
eonvalesecncc. Pulmonary complications following operation have grad- 
ually been sorted out from the original ether pneumonia until a fairly 
satisfactory classification of liieir causes is now available. Aside from 
the activation of residual di-^ease of bi-onchial tree and lungs by anes- 
thetics, atelectasis as an iin()ortanl complication has been recognized. 
The frequency of oecurrenco and methods of diagnosis of this acute 
pulmonary complication are (.ommon knowledge and techniques for its 
prevention and treatment an well established. 

It has long been luiowir that pulmonary embolism was another not 
infrequent and often fatal complication of any operation. Manj' mis- 
conceptions pervaded surgical thought over the course of years con- 
cerning the origin of the thrombosis that initiated these emboli. Studies 
by many observers during recmit years have finally clarified tliis prob- 
lem and it is increasingly evident that most pulmonary emboli follow- 
ing operation have their origin in thrombi formed in the veins of the 
foot, leg, and thigh. It was originally thoiight that thrombosis in these 
A'eins started in the npj^er part of this venous system, in the femoral 
and lower iliac veins. Further studies by pathologists and clinicians 
have shown that thrombosis usually starts below the knee, frequently in 
the veins of the foot. Prom svich a start, the process may advance to 
noninflammatory masses of thrombi in the femoral or iliac vessels called 
phlehothrombosis or to an obstructive inflammatory lesion knoum as 
thrombophlebitis. 

The further local progress and di.stant spread of portions of the 
thi’ombi are variable but of important consequence. The etiologic fac- 
tors favoring the origin of thrombosis have been widely studied and the 
importance of the many factors involved have been individually empha- 
sized. Abnormalities in the clotting mechanism of the blood, anatomic 
and pathologic abnormality in the vein, and physiologic alterations 
associated with posture and lack of normal activity have all been men- 
tioned frequently as primary or contributing factors. Both chemical and 
mechanical methods of prevention of thrombosis have theii’ exponents. 
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Treatment ranges from bold operations to remove pulmonary emboli 
after their lodgment, to ligation of vein, aspiration of thrombus, and 
sympathetic block, to chemical methods of altering clotting time. 
Just as it is often difficult during a political campaign to keep before 
one the main issue, despite one’s prejudices and the claims of opposing 
factions, so now, we as surgeons are faced with the difficulty of judg- 
ing impartially the merits of the forms of treatment and the methods of 
prevention and treatment now advocated in thrombo-emholism arising 
in the peripheral venous system. The characteristic signs and sj^mp- 
toms of thrombosis in tlie peripheral venous system, many of tlie pre- 
disposing factors involved, and the characteristic manifestations of dis- 
tant embolism calling the attention of the unwary surgeon to the pres- 
ence of a frequently unsuspected tln-oml)osis, liave all been given recent 
prominence in surgical literature. One may safely say that frequent 
inspection of the lower extremity should become a routine in the care 
of all patients having undergone an operation. The recognition of early 
thrombosis is a necessity to the proper treatment, no matter what type 
of therapy may be chosen. 

A state of indecision always arises when more than one form of ther- 
apy in prevention and treatment is available. Medical progi’ess is 
based on the amassed statistics of gi-oups or individuals vigorously 
championing one or the other form o1 treatment. The problem of 
thrombo-embolism is at present in this st. re. Statistical studies arc be- 
ing compiled in favor of ligation of large veins of the extremities or of 
the trunk to prevent distant emboli and further progression of ^ rom- 
bosis in these veins. ^Vith a similar end in mew, enthusiasts for anti- 
coagulant therapy in this same group of patients are presenting a 
formidable showing in the current literature. There is no doubt but 
that sympathetic block overcomes the vasospasm and thereby aids re- 
covery when such vasoconstriction is present. This state of affairs in 
which different methods of treatment have merits receives our cordial 
and enthusiastic encouragement. Truth of deduction can come only 
from intensive studies of all methods. We are no longer ignorant of 
the source of the majority of pulmonary emboli. The conservative 
methods of prevention by encouraging normal physiologic forces of 
venous flow by exercises and voluntaiy activity in bed and early post- 
operative mobilization after operation can elicit little antagonism. 
What then shall we do for those patients who, despite conservative pre- 
ventive measures, develop evidence of peripheral venous thrombosis? 
This question will be answered on the basis of the comparative statistics 
compiled from the studies of those now at w’ork in the fleld. 

How can we judge the merits of the available forms of treatment? 
If one keeps in mind certain precepts one may be able to judge well 
for his patients. The foi’mation and propagation of thrombi in the 
vascular tree must be prevented by promoting normal physiologic proe- 
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esses; if the process is initiated it must be stopped. The measures used 
by the surgeon must he simple, readily available, and efl'cetive. The 
treatment of thrombo-cmboli.sm as a eomi)lication must neither affect 
advci'sely the primary disease nor interfere nor com])licatc the ti'eatment 
which is essential to this disease. The morbidity and mortality asso- 
ciated with the accepted therapy must be minimal. ^Yhen these criteria 
are fulfilled, the problem of tlirombo-cmbolism will no longer be a prob- 
lem. The primary fact of source is now known. It is possible to extend 
prophylactic methods univei'sally. Its early recognition is dependent 
upon simple clinical examinations. The numerous investigatoi-s in the 
field of treatment are urged to continue along their divergent lines of 
researcli and therapy until tlie aimly.ses of their efforts will give tlie 
final truth. 

— Frederick A. Caller, M.D. 

Ann 'Arbor, Mich. 
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The Neurosurgical Patient: His Problems of Diagnosis and Care. By Carl W. 

Band, iLD. Cloth. Pp. .370, ivitli 121 illu«tiations. .Springfield, 111., 1944. 

Charles C Thomas, Publisher. ,'?4. 

The growth of the field of neurosuigciy fiom one eoneerned chiefly with attempts 
at removing neoplasms of the brain, and spinal cord to one encompassing both ana- 
tomic and physiologic disorders of the ner\ous svsfem at all le\els is well illustrated 
by this volume by one of the Pacific Coast '.s leading neuiosurgcons. In it, in addition 
to extensive discussions of the se\eral vaiieties of brain and spinal cord tumors and 
of the near and remote effects of .skull and spine injimes, one finds briefer considera- 
tion of the surgeiy of the peripheral and .sympathetic nenous .systems, of infections 
of the nenous .system amenable to suigical management, and of such problems as 
the relief of malignant exophthalmos and spasmodic torticollis. 

Each of the fifty-four chaptcis apjieais to be a more or less literal ti .'inscription 
of a clinical discussion presented by the author be foie groups of phy.sicians or 
medical students. Each is intiodueed by a peitincnt quotation from the older litera- 
ture and the various ptoblems discussed aie accompanied by illustrations of patients 
from the author’s expel iencc. This, together nith the coinei.sational literary style, 
makes for ea«y, pleasant leading. Hoiievcr, the matcnal is loosely organized and 
repetitions are fiequent. Paiticulaily annoying ate the refeienccs to Toentgenograms 
and diagrams which were displayed to the oiiginal audience but which aie not re- 
produced for the leadei. The details of surgic.al technique aie not described. 

The result is a book which will piovide inleiesting leading for the physician 
curious about neurosurgery, but one which is not adequati* as eitliei a text or reference 
w ork. 
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THE SIGNIFIC>\NCE OF POLYiMOBPHONUCEBAB 
LEUCOCYTES IN GALL Bl.ADDERS 

JoHX P. JIclviBRiK, akd Johx R. ]\Ic1)okau>, M,D.,t 

Rochestku, IMixk. 

T his study was undertaken in an attempt to determine, if possible, 
the significance of polymorphonuclear leucocytes in the walls of 
thin-walled, noncalcarcous gall bladdei's. There is almost universal 
agreement that the presence of i)olymorphonuclear leucocytes seen in a 
histologic section of a gall bladder wall is an indication of inflammation. 
It was noted that, when the occasional thin-walled noncalcarcous gall 
bladder was removed at operation, the histologic a])pearance of the 
gall bladder wall would reveal the presence of polymorphonuclear leu- 
cocytes; yet gross examination ^vould show an intact glossy mucosa and 
a wall thin enough and free enough from thichoi7mg and edema that, 
when the specimen was held to the light, it would be translucent. In an 
appendix, a .similar appearance would be interpreted as representing 
subacute appendicitis. TJie question Avhich naturally arose was, Is 
this an inflammatory process or is this a normal physiologic process 
that is being observed? Going further, pex’baps the presence of poly- 
morphonuclear leucocytes in the walls of otlier surgically removed 
specimens, such as the so-called strawberry gall bladder or gall bladders 
containing stones, is not in itself an indication of inflammation if not 
associated with other gross findings such as edema, thickening, inflamma- 
tion of the mucosa, or the microscopic picture of large numbers of poly- 
morphonuclear leucocytes, lymphocytes, and edema. 

There is no mention in the literature of polymorplxonuclear leucocytes 
being present in gall bladdere that are not the site of inflammation. 
Noble' noted tlie presence of polymorplmnuclear leucocytes and lympho- 
cytes in the gall bladdere of infants less than 1 year of age examined 
at necropsy. He expressed the belief that these cells were not present 
in suffi cient numbei-s to indicate an inflammatory process and he specu- 

Received for publication, Aug. 7, IS-H. 

•Fellow in Surgerj, Mayo Foundation. ^ 
tSection on Surgical Pathology. Mayo Clinic. 

319 




320 


SURGKRY 


lated as to ■whether or not many of these minimal cell reactions seen 
in gall bladders that had been removed surgically from adults really 
represented a pathologic process, but he -went no further. 

Boyd^ mentioned the presence of polymorphonuclear leucocytes in 
the more acutely inflamed gall bladders, but not otherwise. Smitli and 
Gault^ mentioned dilated capillaries with typical perivascular leucocytic 
infiltration in the acutely inflamed gall bladders but said nothing of 
their presence in chronic cholecystitis. jMcCartncy,^ in his description 
of mild chronic cholecystitis, stated that “there is no gross convincing 
evidence of disease, but in some instances of this type the microscopic 
examination reveals definite aceumiilations in the serosa w'ith occasional 
polymorphonuclear leucocytes in the wall.” Here is a well-stated de- 
scription of the problem. Is the microscopic picture here actually a 
pathologic process or is it a physiologic one? Admittedlj' there is no 
gross evidence of inflammation. 

Mentzer'^ found that in 7.5 per cent of 612 consecutive necropsy cases 
there wei’e microscopic changes in the gall bladder, whieh he regarded as 
being pathologic. In these 612 necrops}’’ eases, only 7.7 per cent of the 
deaths were due to gall bladder disease per se. The critei’ion for micro- 
scopic pathologic changes in the gall bladder was the presence of 
polymorphonuclear leucocytes or Ijunphoeytic cells. On the basis of 
these findings, it would seem that there is a very high incidence of 
cholecystitis, or again, a physiologic function is being misinterpreted. 

METHOD OP EXAMINATION 

Twenty-five thin-walled noncalcareous gall bladders which had been 
surgically removed Avere selected for this stud}'. These gall bladders 
grossly did not show any evidence of inflammation and, Avhen the}' were 
held to the light, their walls were translucent. It Avas felt that, if the 
AvaU of the gall bladder Avas thin enough to transmit light in this man- 
ner, there could be very little fibrosis or edematous thickening. 

For similar study and comparison, tAventy-five so-called straAA'berry 
gall bladders and tAventy-fiA'e gall bladders that contained stones AA'ere 
selected. In order that the iodized dye used in visualization of the gall 
bladder Avould not haA'c to be con.sidei-ed as an imtative factor, tAventy- 
five gall bladders Avere selected for AA’hich from the clinical histoiy it 
Avas determined that an inteiwal of at least tAventy days had occurred 
betAveen roentgenologic visualization and surgical removal of the gall 
bladder. Usually the interval betAA'een A'isualization and surgical re- 
moval is several days, and it Avas felt that concentration of the dye in 
the gall bladder might have some influence on the presence of the poly- 
morphonuclear leueocyle.s in these gall bladders, because all of them 
Avere surgical specimens. 

Ten gall bladders from dogs Avere examined to determine, if possible, 
AA'hether a similar microscopic picture could be found. The dogs Avere 
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all in a slate of cxocllcnl health, the gall hlaclders being obtained at the 
time heart-lnng preparations were being made. It was felt that if 
polymorphonuclear leucocytes could be consistently tound in the walls 
of these gall bladders, it would be dilTicult to conclude that these were 
examples of mild or .subacute cholecystitis. 

Ten gall bladders from fetuses between the ages of 3 and 5 months 
were also examined. This age was selected in order to obtain a gall 
bladder shortly after it had become a hollow organ but bofoi’o it started 
to function as a gall bladder. Here it was felt that if the ])resencc of 
polymorphonuclear leucocytes had to do with a metabolic function rather 
than an inflammatory process, one could postulate their absence from 
the recently developed nonfunctioning gall bladder of the fetus. All 
that remained to do was to prove this by mierosco])ic examination. 

Ten human appendice.s removed routinely during abdominal laparot- 
omy and grossly not showing any cA'idence of inflammation were ex- 
amined in a similar manner. Although the two organs have in com- 
mon absorptive function, that of the appendix is immeasurably less than 
that of the gall bladder. If the polymorphonuclear leucocytes could 
not be demonstrated in the normally functioning appendix, this would 
tend to support the thesis that their presence in the gall bladder was 
metabolic and physiologic. 

Lastly, a series of ten .-jejunums of dogs and a smaller number of 
noninflammatoiy human jejunums Avere examined Avith the thought of 
comparing the microscopic appearance of an organ of knoAAm highly 
absorptive fiinction Avith that of the gall bladder, AA'hich is also knoAvn 
to have a definite absoi’ptive function. The presence or absence of the 
polymorphonuclear leucocytes in the AA'alls of the jejunum Avould be 
very important to support or discount the assertion of metabolic versus 
inflammatory function. 

HISTOLOGY AND METHOD OF MICROSCOPIC EXAMINATION 

MaximoAV and Bloom® divided the Avail of the gall bladder into four 
layers: (1) a mucous layer consisting of a surface epithelium and a 
lamina propria, (2) a layer of smooth muscle, (3) a perivascular con- 
nective tissue layer, and (4) a serous layer covering part of the organ. 

For the purpose of examining each section conveniently and accu- 
rately, it Avas decided to divide the Avail of the gall bladder into three 
layers. The epithelium to the smooth muscle -Avas one layer, the mus- 
cular layer Avas the second, and the tissue from the muscular layer, to 
and including the serosa, Avas the third layer. 

Each of the three layers Avas then examined for the presence of poly- 
morphonuclear leucocytes in the folloAving positions: (1) in and around 
capillaries, (2) in and around lymphatics, and (3) in the tissue spaces. 
The type of polymorphonuclear leucocyte present was not determined 
in general, although eosinophiles Avere noted because of their consistent 
presence in the Avails of the appendix. 
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Lymphatics could not be positively identified, but vessels whose walls 
consisted only of endothelial cells and whose lumina did not contain 
any erytbrocytes were assumed to be lymphatics. In general, what was 
considered most important was the presence or absence of polymorpho- 
nuclear leucocytes regardless of location, except, of course, their asso- 
ciation in normally accc})ted numbers mixed with erythrocytes in blood 
ves.sels. The .same scheme was followed in examining miciuscopically the 
slides of jejunal and appendical ti.ssue. 

For simplification, the number of polymorphonuclear leucocytes in a 
single low-power, dry, miero.scopie field in any of the three layers or 
any of the three locations was classified numerically as occasional, few, 
and many. An occasional i)olymorphonuclear leucocyte would indicate 
one to three per low-i)owcr dry field, a few would indicate four to 
eight per low-power dry field, and many wotild indicate eight or more 
per low-power, dry, microscopic field. 

HISTOPATnOI-OGY 

In the thin-walled noncaleareous gall bladders, polymorphonuclear 
leucocytes were found to be present in every section (Table I). In 
twelve of the microscopic sections many polymorphonuclear leucocytes 
were found to be present in at least one of the layers of the gall bladder. 
In eleven of the cases there were only a few, and in two cases only an 
occasional polymorphonuclear leucocyte was present. Jlany times polj”- 
morphonuclear leucocytes were present in one of the layers but in none 
of the others in the same histologic section (Pig. 1). 

A similar microscopic picture was found in the strawberry’' gall blad- 
ders except that, in those sections in which many polymorphonuclear 
leucocytes were present, the total number present in a single field was 
greater than was found in the sections of thin-walled noncaleareous gall 
bladders. In eleven of the.se gall bladders there were many polymor- 
phonuclear leucocytes, in nine there were a few, and in five there was 
only an occasional polymorphonuclear leucocyte (Pig. 2). 

Table I 


POLYMORPHONrCLEAR LEecOCYTES IN 

THE WALI^ op 

Gall Blaitoers 

i 


1 CONTAINING LEUCOCYTES 


SPECIMENS 

1 MANY ( 

FEW 

1 OCCASIONAL 

Thin- walled noncaleai eous* 

25 

12 

11 

2 

Strawberry gall bladder* 

25 

11 

9 

5 

Gall bladders containing .stones' 

25 

9 

12 

4 

No dve" 

25 

6 

12 

7 

Dog gall bladder 

10 

2 

5 

3 

Fetal gall bladder 

10 

0 

0 

0 

Dog jejunum 

10 

2 

2 

5 


‘All these gall bladders were surgically removed. 


Nine of tlie gall bladders that contained stones had many polymor- 
phonuclear leucocytes in the wall, twelve had a few, and four liad an 
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occasional polyniorplionuclcar leucocyte. The \\alls of all these gall 
bladders were thickened and fibrotic microscopically (Fig. 3). Clrossly, 
none of tbe calcareous gall bladders showed evidence of acute inliamma- 
tion. 



Fig. 1. — ^Wall of thin-walled noncalcareous gall bladder. Note the piesence of oc- 
casional Intiacapillary pol> morphonuclear leucocytes (hematoxjlin and eosin X'ISt). 



B’lg. 2 — Wall of strawberri gall bladder. Manj polymorphonuclear leucoc\ tes are 
present in the capillaries in the musculai lajei (hematoxilin and eosm x43d). 


Among the gall bladders selected for liaving an interval of twenty 
days or more between roentgenographic visualization with iodized dye 
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and operation, six had many polymorphonuclear leucocytes, twelve had 
a few, and seven had only, occasional polymorplionuclear lencocyles 
(Fig. 4). 



Pig. 3. — Wall oC calcareous gall bladder. Many polymorphonuclear lcucocyte.s can 
be seen in the capillary. Diapedeais Is evident (hematoxylin and eosin VciSS). 



Fig. 4. — Wall of gall bladder. This patient had not been given dye recentljj 
Many polymorphonuclear leucocytes can be seen in the capillary (hematoxylin and 
eosin X435). 

In two of the ten normal gall bladders removed from dogs there were 
many polymorphonuclear leucocytes, in five there were a few, and in 
three there were occasional polymorphonuclear leucocytes (Pig. 5). 
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No polymorph onuelciiv leucocytes were seen in any of tlie sections of 
the fetal gall bladders. 

The ten nonintlamed appendices did not show a microscopic ]>ictnrc 
similar to that of the call bladders. The i)olymori)honuclear leucocytes 
so consistently found in the capillaries of the gall bladder wall, often 
in greater numbers than the associated erythrocytes, were absent fi’om 
the capillaries of the wall of the ai)i)endix. When larger ve.ssels were 
sectioned, they showed polymorphonuclear leucocytes to he present only 
in a normal ratio to the erythroeyles prcsejit. There were iisually numer- 
ous eosinophiles among the many lymphocytes. 



Fig. 5. — Wall of thm-walled noncalcareous gall bladder from a dog. Note the intra- 
luminal polymorphonuclear leucocytes (hematoxylin and eosin X435), 

In the sections made of the jejunal specimens of human and canine 
origin, a picture of numerous intracapillary polymorphonuclear leu- 
cocytes in greater than normally expected numbers was seen. This was 
not always the case but consistently enough to be comparable to the 
sections of gall bladder in microscopic appearance. 

COMMENT 

The outstanding finding was not only the consistent presence of poly- 
morphonuclear leucocytes in the thin-walled noncalcareous gall bladders 
but their presence in similar numbei’s in all the gall bladders examined 
except the nonfunctioning fetal gall bladdei-s. These findings are not 
remarkable when compared mth Mentzer’s 612 necropsy cases in which 
he found evidence of microscopic inflammation in the form of poly- 
morphonuclear leucocytes and lymphocytic cells in 75 per cent of the 
cases, in 7.7 per cent of which the patients died of gall bladder disease. 
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Eighty-two per cent of the surgically removed gall bladders in our 
stud}”^ showed either many or few polymorphonuclear leucocytes in the 
wall. This excludes those gall hladdci-s which contained only occasional 
polymorphonuclear leucocytes (Table I). Ordinarily all these gall 
bladdei-s would he considered as showing evidences of inflammation. 
This figiu’e is eompai-able to that of ilontzer. 

As has been ju'eviou-sly mentioned, none of these gall bladders had 
the gross appearance of acute inflammation and it does not seem too 
difficult to ascribe the presence of the polymorphonuclear leucocytes to 
a metabolic function rather than an inflammatory process, especially 
when the same microscopic picture could be seen in the gall bladdei’s of 
dogs (Fig. 5). (Seventy per cent of the gall bladdci-s removed from 
dogs, when examined microscopically, showed many or a few ])olymor- 
phonuclear leucocytes.) In addition, if it is accepted that these poly- 
morphonuclear leucocytes are serving a metabolic function, their com- 
plete absence from the i\ontunctioning fetal gall bladders gives added 
weight to this interpretation. 

Their absence in tlie noninflammatory appendix and their consistent 
presence in the human and canine je.iunums, the former an organ of 
low absorptive function in comparLson with the latter, which is of 
absorptive function, would also seem to indicate a metabolic function. 
Mackey" i*eferred to this seemingly analogous function of tlie intestinal 
epithelium and the known active resorptioii carried out by the gall 
bladder. Why could not a similar microscopic pictxirc be indicative of 
a similar physiologic function ? 

Of all the gall bladders examined, the straAvberry gall bladders ap- 
peared to contain the greatest number of polymorphonuclear leucocytes 
in their walls (Fig. 2). This is significant in that the increased number 
of polymorphonuclear leucocytes in such cases could represent an attempt 
to carry out a more rapid physiologic process, which is occurring to a 
lesser extent in all the other functioning gall bladders examined. 

Finally, is there any proof to support this interpretation of metabolic 
function of these polymorplionuclear leucocytes in the gall bladder? 
Boyd,® in his investigations of the pathologj’^ of the gall bladder, fomid 
that the endothelium of blood vessels in the gall bladder wall contained 
streaks of material which stained red with scarlet red. He also found 
this material in tissue inflammatory cells but did not mention poly- 
morphonuclear leucocytes. Therefore, a series of surgically removed 
gall bladders were studied microscoj)ieally. The fresh frozen-section 
technique was used and the sections were stained with scarlet red for 
lipoid. This was done withovit fixation of tissue to avoid losing fat or 
lipoid. These sections showed the polymorphonuclear leucocytes to con- 
tain pale-staining granules, which when examined under the polarizing 
microscope were not doubly retractile. This would indicate that the 
granules were not cholesterol or cholesterol estei-s, but it seemed suf- 
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ficient proof tliat the ])olyniorphomicli*jir loiiroeytos wore earryiiifi some 
type of lipoid and this was what was soufilit. This was not identifica- 
tion of the lipoid but proof of a function, metabolic, in tyi)c. to account 
for the presence of the ]iolymorphonncloar leucocytes in the gall bladder 
for a purpose other than intlammatory. 

Although !Maekey‘ did not mention ti\e ju'esenee of polymorphonuclear 
leucocytes, he noted the presence of lipoid in the walls of gall bladders 
and stored in the stromal macrophages. lie expressed the belief that, 
this is a normal process, analogous to the ])rocess of resorption carried 
out by the intc.stinal eiiithetium and similar to resorjfiion of othei- sub- 
stances known to be carrie.d out by the lining of the gall bladder. 


CONCI.U.SIOXS 

1. The presence of polymorphonuclear leucocytes in the walls of the 
gall bladder, when examined microscopically, is not in itself an indica- 
tion of inflammation when not a.s.s-ociated with other signs of inflamma- 
tion and should not bo interpreted as such. 

2. These polymorphonueloar leucocytes arc serving a metabolic func- 
tion rather than an inflammatory function when not associated with 
other signs of inflammation. 

3. The iodized dye used in the jireoperative roentgcnographic vis- 
ualization of the gall bladder does not have any a.ssociation with the 
presence of the polymorjjhonuelear Icucoeytes in surgically removed 
specimens. 
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C4ASTRIC' SCHWANNOMA 

Report of a Large Ixtraoastric Lesion Simulating a Bf^joar 

Julio Sanguila', M.D., and Francisco Leon Blanco, j\l.D. 
Havana, Cuba 

N ONBPITHELTAL benign tumors of Ibe stomacli are very rare; 

even rarer are neurogenic tumoi-s. f lowcvcr, Jlines and Oescliickter 
believe that approximately 10.9 i)er cent of iicnign tumors of the stomacli 
are neurofibromas. 

Ransom and Kay dcseribed, in 1940, seven Icmmomas of wbicli three 
were associated ivith other gastric disturbances and ivere discovered by 
accident. 

The type of tumor here described is knovn in the medical literature 
by many names following the different microscopic aspects which it may 
present and the different de.seriptivc opinions explaining its nature. 
Thus, Penfield considering it of connective tissue origin calls it peri- 
neural fibroblastoma ; Veroeay associates it with the nervous tissue and. 
designates it neurinoma; the type due to Sebwann’s cells is called 
schwannoma (Masson) and lemmoma (Haeckel); Roussy, Lhermitte, 
and Comill considering Schwann’s cells as neuroglic cells (peripheric 
neuroglia) termed these tumors peripheric gliomas. 

As it is not the object of this presentation to discuss the histogenesis 
and exact histologic picture of .schwannomas, we suggest that those inter- 
ested in this phase of the subject consult the brilliant works by Del 
Rio Ortega, Penfield, and Masson. 

Our case is interesting because of the size of the tumor, because of 
its projection within the gastric cavity as a pedunculated neoplasia, and 
because of the several diagnostic possibilities to be considered. 

The clinical report with all details is given in Case 1. 

CASE REPORT 

Case 1. — The patient, J. G. M., 58-year-ohl Negro woman, was referred from 
the department of digestive diseases of the Municipal Hospital, Gral. Freyre de 
Andrade, to our surgical service. For one j'ear she liad had a discomfort in the 
left hj-pochondrium which extended to the epigastrium and felt like a ball. This 
was associated with indigestion, that is pyrosis, nausea, and a constant feeling 
of distention. She was constipated and suffered with flatulence. However, appetite 
was good. There was no pain. Tlie epigastric mass changed position, and when it 
was on the right side tlie patient became very uncomfortable but was relieved by 
displacing it, especially when she had eaten. She rarely vomited but had lost 
much weight. 

She looked rather old, the tongue was coated, and there was marked oral sepsis. 
The intensity of the heart tones and rhythms were normal. Over the apex there 
was a systolic murmur. The lungs were normal. On palpation of the abdomen 
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there was found in the left hypoehondriuin and under the eostal border a hard, 
smooth, movable tumor, which could bo displaced if pressure was made on it. Be- 
cause of those chnracteristic.s and its jiosition, tliis tumor could be easily confu.scd 
with the .spleen, although it was not typical of a spleen. The sive of the liver was 
normal and the rest of the abdomen nepitive. There was luck of adipose and the 
.skin was A\rinklod and dehydrated. The blood pressure was pulse was 72. 

The preoperativc laboratory examinations were all normal. 



Fist. 1. — Anteroposterior view with barium meal. The stomach never appeared filled 
with barium. The oniy free transit was through the iesser cuivature. 

The gastrokymogram showed an increase in the motor function and a decrease 
in the secietory function with hypoehlorhydria at the beginning and anaehlorhydria 
at the end. Occult blood was positive (-t--t). The pylorus apparently opened with 
duodenal biliary reflux. 

The roentgenogram demonstrated a foreign body occupying the whole gastric 
cavity, resembling a bezoar by the fluoroscopic and radiographic study (Figs. 1 
and 2). 
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From tliis hibtorj’ it could not be (letcrmiiicd tliiit tlte putient had been in the 
habit of chewing haii or eating food lich in re^vin; '-lie had never eaten caindto, 
sapote (Cuban fruit), oi per^iInmont•, or has never li\ed out in the country. 

In spite of tlie fact that thcic \\as nothing in hci hi“tniy to sugge.st a gastric 
liezoar, we accepted tlie opinion of the radiologist, Dr. Padion, and operated upon 
the patient in search of file intragastiic foreign l)ody. The patient was previously 
prepared by hydration and reiiehted gastric Inrage. Tire operation wu'- performed 
Xov. 10, ]9I?>. midline vupia-untbilical incision was made under spinal anestiicsia 
(pantoeain 0.018 gr.). 





Fib- 2 — Lateral Mew of the stomach with barium meal. 


On opening the abdominal cavity it was demonstrated try palpation that the 
lesion was a pedunculated mtragastric tumor. A longitudinal incision was made 
in the anterior wall of the stomach, after carefully walling off the peritoneal cavity 
(Fig. 3). After opening the stomach a large tumor occupying the entire gastric 
cavitiy was visualized. It was solid, dark red, and was attached by a pedicle to the 
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po'-toMor \%all of llic funilu'-, fiom wlnclt U cMt'tuloil into tho (jiiMiu' fHMtj (I’lg. 3). 
Tlic tumor luul !i''*tum('>1 tlie shape of the btomucli. ('\(“itii)p: trsution on the 
tumor It was jaisvihle to cxtenonro the pediuiculateil attachment of the tumor to 
tlie posleiioi wall of the fundus. The jjastiu mucosa roveniif; tlic tumor in its 
entiretj appe.iied thick liecause of an a'soiiated {pistiitis. With tlie tlie hiapol 
the mucosa was incised aiound the peiimetei of the pedn le. The tumor was then 
eifcih renio\ed. Caicful hemostasis nas seemed, followiiip; which the mmosa of tiic 



li'iff 3 — Scliematic diawing: to sliow tlio Incibton, shape, and situation of tlio tuinoi. 



'irii 


i "iini T 
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Fig 4 — The tumoi co\ered totallj by gastric mucosa Signs of chionic gastritis are 

seen in the lower pole 

supeiior and iiostciior walls of the stomach was sutured bj means of a fine con 
tinuous intestinal catgut sutuie The iiosteiioi wall was placed to its normal 
position, and it was obsened that the sutuie of the mucosa remained in a high 
position and extended fiom light to left The posteiior wall of the stomach had 
not been opened or included in the sutures, as eiidenced bj the fact that the 
seros.i on the posterioi suiface was intact Before the gastric wound was closed, 
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incision of ilic gastric cavity was irrigated with hot saline solution which was 
aspirated. The gastrotomy opening was elo.«cd by a complete catgut, suture and a 
soroserosal suture of linen, strengthened with several Cushing sutures. The suture 
lino was dusted with sulfanilamide crystal.s, and the .stomach replaced in its ana- 
tomic position. A bevin duodenal catheter was introduced for gastric. decomi)rcs- 
sion. Dextrose and saline solution and vitamin G were administered iutravenou.sly, 
and no food was allowed by mouth. 



Fig. 7. — Microphotograph demonstrating myxomatous degeneration (niagniftcation 

X400). 



Fig. 8. — Microphotograph of the tumor showing a marked polymorphism of the cells. 
Nuclei and cells are scattered in different planes. 

Paihologio Findings . — Macroscopic characters were: size 17 by 9 by 5 cm.; 
weight: 580 Gra. The tumor occupied most of the gastric cavity, and was movable, 
except where it was attached to the posterior wall by a -pedicle one inch in diameter. 
The pedicle was centrally formed by connective tissue through wliich the tumor’s 
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vessels ran. On the outside the rest of the pedicle wis onl}' gastric mucosa. With 
the e.xception of the pedicle the tumor was completely covered wtli gastric mucosa, 
and was separated from tlie mucosa by a thin connective tissue membrane (Fig. 
4). On cutting, the consistence of the tumor felt soft; the surface appeared white 
yellowish with hemorrhagic points (Fig. 5). 

Hisiologio Diagnosis . — ^Thc histologic diagnosis by one of us (F.L.B.) was 
schwannoma. 

Postoperative Course . — Tlie postoperative treatment (Figs, (i, 7, and 8) which 
was routine for these cases, consisted of the administration of small amounts of 
albuminous water, with periodic aspirations through the Lerin catheter for several 
da}’s. 

The postoperative condition of the patient was normal but on the tenth day 
when the patient was ready to be discharged from the hospital after the wound 
was well healed and the sutures removed .she had such a severe hematemesis that 
it appeared she might succumb, but with the quick assistance of an intern the 
acute anemia was quickly overcome. She wjis given a citrated blood transfusion, 
gastric lavages with hot physiologic saline solution, large doses of vitamin K, and 
an indwelling duodenal catheter wa.s introduced. Tlio gastric licmorrhagc quickly 
stopped and the patient was discharged from the hospital nineteen days after the 
operation. 

We have seen the patient recently; she is well and has gained twenty pounds 
in weight. 

COMMENTS 

The radiologic picture of litis benign tumor of the stomach could 
easilj’- be confused with any intragastrie foreign body. 

The clinical symptoms of these two conditions are not sufficient for 
an accurate diagnosis, which is quite difficult witliout radiologic exam- 
ination. Benign tumors of the stomach are rare and onlj' in the large 
ones can the diagnosis be suspected. A reason for making a mistake 
in the diagnosis in the case de.scribed was the unusual and peculiar 
location of this tumor. Jlost benign tumors are found at the greater 
curvature, at the fundus, or at tlie pyloric end of tlie stomach. Of all 
benign tumors, the one most easily diagnosed is the gastric polypus, 
because of its gastric .symptoms and because they degenerate and ulcerate. 

When benign gastric tumors are located near the pylorus they pro- 
duce early symptoms of stenosis, which suggest to the physician the 
need for a radiologic investigation. On the other hand, if the benign 
tumors are small and away from the pylonis, the3’^ maj^ present fewer 
or no gastric symptoms. Regarding gastric evacuation, we know that 
large-sized pedunculated tumors produce certain inertia of the muscles, 
and therefore produce a slow gastric evacuation ; on the contraiy , small- 
sized tumors excite the muscles and the evacuation is rapid. In the 
first group the stomach is hj^potonic, whereas in the second it is hj'per- 
tonie. 

When, on examination of this patient, a tumor was found in the 
region of the stomach, even though there were few digestive sj’^mptoms, 
gastric x-raj”^ was obtained. An intragastic lesion occupjdng the entire 
cavity was found. Logicality, the first diagnosis was a gastric bezoar. 
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A gastric neoplasm seemed nnlikely ])Ceauso of I lie few gastric symptoms 
and the histoiy of its having been iircscnt for a year. On the other 
hand, the clinical picture in gastric bezoars develops insidiously and 
there are few, if any, symptoms and therefore gastric hezoai’s seemed 
likely. 

Bezoai*s, as we all know, arc concretions, like stones, which arc found 
in the stomach of certain animals fed with food rich in rosin. In an- 
cient times these concretions were removed from the stomach of goats, 
camels, and cows, and sold as a medieameni and the antidote ol certain 
poisons. That is exactly what the Persian word hezoar moans, literally 
translated, "protecting against poison." 

Bezoai’s occur in those peojile who eat a great deal of caimito, sapote, 
raisins, etc., or vegetables rich in re.sins or fiber. Coming in contact 
with the hydrochloric acid of the stomach they are precipitated forming 
such large and hard nucleus that they cannot ])ass through the pylorus 
and must be removed operatively. 

Bezoars formed by vegetable elements are called ])hytobczoars and 
those found in psychopathic ])ersons in the habit of chewing and 
swallowing hair are called trichobezoars; a mixture of both being tricho- 
' phytobezoars. 

These foreign bodies and benign tumox’s of the stomach have similar 
clinical .pictures and both require sui’gery. When the benign tumor is 
pedunculated and away from the pyloiais, a relatively simple operation 
is all that is necessary, as in oux’ case. 

If the tumor is near the pylorus, producing stenosis, or if there is the 
slightest possibility of cancer, a partial gastrectomj’' is recommended as 
a rule. 

When the tumor does not extend into the gastric cavity an elliptical 
incision is made through the gastric wall around the tumoi*, removing 
it in toto. The opening of the stomach is then closed in layei’s. Gastric 
polyposis, which does not disappear after medical treatment, requires 
total gastrectomy in some cases, because a polypus must be considered 
as a premalignant lesion. 

An interesting feature of the case was the hypertrophic inflammatory 
reaction of the gastric mucosa covering the tumor. Also interesting 
was the fact that as the tumor was growing it assumed the shape of the 
gasti’ie cavity and in spite of its size and weight the pedicle could hold 
it perfectly and the tumor was not. resting on the gastric fundus. Un- 
doubtedly if this had happened, the symptoms would have been more 
serious, and the patient would have sought treatment sooner. 

The postoperative hemorrhage in this patient, ten days after the 
operation, risked her life. Thei'e are two explanations for this complica- 
tion. In the fii-st place tlxere may have occurred a dehiscence of the 
gastric mucosa suture at the site of the tumor. Although the suture 
was high in the fundus of the stomach, it is possible that digestive 
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action of the liydrochloric acid dissolved the catgut and started the 
bleeding in spite of tlie perfectly made hemostasis at the time of the 
operation. On the other liand, an avitaminosis because of insufficient 
diet before, and even more so after, operation may have been a respon- 
sible factor in causing the massive gasti-ic hemorrhage. 

In the treatment of liematemesis following gastric surgery, we use 
blood transfusion, recommending it as an extraordinary and efficient 
hemostatic and antishock measure. 

Gastric lavages with Levin catheter with lukewann serum have given 
us good results, added to an adequate vitamin therapy. We want to 
make clear that the most important fact is the early attention given to a 
patient as soon as the first symjitom of hemorrhage appears and that 
is why Levin’s catheter used permanently is a safe treatment because 
- by periodic aspiration and gastric lavage it is possible to .stop any 
bleeding early. 

.SUMMARY 

1. A case of a large-sized benign tumor of the neurogenic type 
(schAvannoma) is reported. 

2. Because of its radiologic features and few symptoms, it was con- 
fused Avith an intragastric bezoar. 

3. The gastric neoplasm Avas remoA’cd transga.strically through an 
anterior gastrotomy. In spite of careful hemo.stasis and an otherAvise 
normal coiiA^aleseense, a massiA'e gastric hemorrhage occurred on the 
tenth postoperative day. ConA'aleseence othei’Avise AA’as normal. 
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PERFORATION OF THE RECTOSIGMOID 

Lotiis Reni: K.\xirj[AX, M.D.. Sahato Seim'Ico, I\r.D., anm) 
IIen'kv J. ^Iosig. IM.D.. New Yoke. N. Y. 

(Prom Ihr .Siirpicnl Service of Ihr Kew York Mctlir.ol College, I'loirer (hh? Fifth 
Avniiie llospUnls, an<l the MrtrogoUtnn- Hospital) 

W E ARE reportinir from our serviec. at the i\rctro])olitan Hospital 
three cases of traumatic perforation of the rectosig'moid, one pro- 
duced by rectal biopsy, one by the administration of a hiprli colonic ina- 
gation. and the third by the administration of an enema. All patients 
were operated upon, and two recovered, but one died. 

EASE UEPOnTS 

Gasi; ]. — W, W., a man, (i7 ycar.s olil, was ndmiltril .Ian. 20, lO-ll, with !i chiei 
oomplaint of recttil hloocVmg. Present illnes.s liad .^tinted eight months jtrevioiisly 
wlien the patient first noticed constipation and blood wlien .straining' at stool. 
Bleeding- was not profuse nor wa.s it painful. Within this period, there was a 
weight loss of twenty-seven pounds. 

In general, the past history was e-ssentially negative. Laboratory data were 
within normal limits. Rectal examination revealed the presence of external hemor- 
rhoids and internal prolapsed hemorrhoids. In view of tlie liistory of constipation 
coinciding with the beginning of the rectal bleeding and weight los.s, the possi- 
bility of a malignancy of the rectosigmoid or descending colon was entertained, 
and a sigmoidoscopy was recommended. Tliis was done in the operating room 
preceding tlie removal of the hemorrhoids. 

Under c.audal anesthesia, a sigmoido.scoiie was pa.s.sed gently to the 20 cm. mark. 
Examin.ation revealed a polypoid mass about lo cm. from the anal opening. At- 
tempts to grasp this mass through the sigmoido.scopc were unsuccessful, and the 
sigmoidoscope was removed. A finger was then inserted into the rectum and by 
applying pressure, the polypoid mass was reached, the finger hooked around it, and 
the mass drawn into the anal canal where it was grasped with an Allis forceps, 
and a section of the -mass was excised for biopsy. The hemorrhoids were then ex- 
cised in the routine manner (clamp and suture method). 

During the afternoon of the operative day, tlie patient complained of lower ab- 
dominal pain. There was slight distention but no rigidity. The next day, there 
was marked tenderness. An X-ray taken on this day .showed free air beneath the 
diaphragm, with moderate distention of the bowel and several fluid levels in the 
distended loops. Diagnosis was made of pelvic peritonitis secondary to traumatic 
perforation of the bowel. The patient was prepared for operation. The abdomen 
was entered through a left lower rectus incision. The small bowel and upper 
sigmoid appeared clean and not inflamed. The pelvic colon was exposed, and a 
longitudinal perforation % inches in length was located anteriorly on the recto- 
sigmoid just above the pelvic floor. This was closed with two rows of sutures. A 
lectal tube was passed through the anus and guided to a point 5 inches above the 
perforation. Fifty cubic centimeters of 5 per cent neoprotosil (at that time the sul- 
phonamide preparation employed for peritoneal implantation) rvero instilled into 
the area , and the abdomen was then closed. Postoperatively, a Miller- Abbott tube 

Itoceivert tor publication. Nov. 1C, 1944. 
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was passed and connected to a Wangensteen suction apparatus to maintain defla- 
tion of the bowel. In addition, sulfathiazole was given. The patient received 
blood transfusions and parenteral fluids. 

Subsequently, the patient’s temperature ranged between 100 and 103 “P. On 
the fourth postoperative day, he had two bowel movements. Examination of the 
wound at this time showed marked purulent discharge and a partial dehiscence of 
the upper two-thirds of the abdominal wound. The wound was packed and 
strapped ndth flamed adhesive strips. The packing was removed on the sixth 
postoperative day, and new packing and adhesive strips were applied. The Miller- 
Abbott tube and the Wangensteen suction were working adequately, and the ab- 
domen was not distended. By tlie ninth postoperative day, the temperature was 
normal, and the Miller-Abbott tube was removed. The wound appeared clean 
and was granulating. The packing was removed, but the adhesive strips were re- 
applied. The wound healed slowly but steadily, and the patient was dicharged 
on the fiftj--fourth postoperative day. Two months after discharge, the patient 
had no complaints, and the scar was well healed and soUd. 

The pathologic report of the biopsj- of the rectum was hj-perplastic glandular 
rectal mucosa, with no evidence of specific disease. 

Case 2. — M. B., a man, aged 63 years, was admitted March 6, 1944, with a 
chief complaint of severe abdominal pain. This patient was being treated at an- 
other hospital for hypertensive cardiovascular disease, generalized arteriosclerosis, 
osteoarthritis of hands, old cerebral thrombosis and right hemiparesis, and bi- 
lateral inguinal hernia. 

Late in January, he was found to have hematuria, and cystoscopy and intrave- 
nous urography were performed but were essentially negative. March 6, 1944, the 
patient was being prepared for a repetition of the cystoscopy. A colonic irrigation 
was given as part of the preparation. During the time this irrigation was given, 
and, subsequently, he complained of severe abdominal pain. Later on, he began to 
vomit coffee ground material, and examination revealed a boardlike rigidity of the 
abdomen. A tentative diagnosis of perforated peptic tdeer was made, and the pa- 
tient was transferred to the Sletropolitan Hospital. 

■When first seen, this patient appeared acutely ill. He was markedly emaciated 
and in acute agony. He was lying on liis left side with his knees drawn up and his 
trunk sharply flexed. Abdominal examination revealed generalized boardlike rigid- 
ity, tenderness, and rebound tenderness throughout the abdomen. Bilateral in- 
guinal hernias were reducible and not particularly tender. Rectal examination 
showed tenderness in both iliac fossae. No masses were palpable. Diagnosis 
considered was spreading peritonitis due to perforated viscus, resulting from the 
high colonic irrigation; perforated peptic ulcer. 

The patient was prepared for immediate surgery. Under local anesthesia, the 
abdomen was opened through a right rectus incision. About 200 c.c. of cloudy 
fluid were present, and this was aspirated and culture was taken. Examination 
of the sigmoid showed a perforation at the antimesenteric border about 6 inches 
from the rectosigmoid junction. This perforation was about 1% by 1% cm. in 
size. The perforation was closed by three layers of sutures. No perforation was 
evident in the pyloric area. The abdomen was then closed without drainage. 

Postoperatively, the patient received plasma and intravenous sodium sulfathiazole. 
A Levin tube was passed and connected to a suction apparatus. The patient’s 
condition became progressively worse, and he died the day following the opera- 
tion. 

Case 3. — J. "V., a man, aged 55 years, was admitted Peb. 19, 1939, with a chief 
complaint of severe colicky abdominal pain. The patient had given himself an 
enema in the morning of the day of admission and immediately afterward experi- 



lOVUPJIAN ET AE. : PERFORATION OP RECTOSIGNOIO 


339 


cnced the pain. The encnm liad been given because of constipation of one week’s 
duration. The pain was made worse by body or abdominal movements. A'’omiting 
occurred subsequently. 

Previous to admission, he was being treated for carcinoma of the hard palate. 
Eyes, ears, and nose were essentially negative. There was an ulcerated area 
on the hard p.alate; remainder of the mouth and throat were negative. There 
were several hard, small lymph glands in the left side of the neck. The heart 
and lungs were essentiall}’ normal. There was a boardlike rigidity of the ab- 
dominal muscles with tenderness and rebound tenderness throughout the ab- 
domen, Liver dullness was not decreased. There was no distention. Bcctal ex- 
amination revealed only a moderately enlarged prostate. 

The laboratory work-up was negative except for a trace of albumin in the urine 
and an increase in the polymorphonuclear leucocytes with a shift to the left. X-ray 
showed free air in the peritoneal cavity. The patient was operated upon about 
eleven hours after the enema was given, under a diagnosis of perforation of the 
sigmoid. 

The abdomen was entered through a subumbilical left paramedian incision. A 
large amount of soapy, cloudy fluid was suctioned from the abdomen. The sig- 
moid was isolated, and a longitudinal perforation about 1 cm. long was found. 
This perforation was closed with two rows of sutures. Two drains were inserted 
into the abdomen; one into the cul-de-sac, and one to the left lateral wall. The 
abdomen was then closed in layers around the drains. 

Postoperatively, the patient had a moderate temperature elevation for three 
days. On the fourth day, the temperature rose to 104°F., and there was moderate 
distention of the abdomen. This subsided by the fifth day, and from then on the 
temperature was only slightly elevated or normal. The abdominal wound became 
infected but healed slowly and steadily and was almost entirely closed at the time 
of discharge to the clinic for follow-up care on March 27, 1939. 

DISCUSSION 

In presenting these cases, it is onr purpose to call attention again to 
the inherent dangers of perforation from mechanical manipulation in 
the relatively insensitive rectum and rectosigmoid even from the trauma 
of an enema. The avoidance of similar mishaps or at least an appre- 
ciable reduction in their incidence requires constant thought to the dan- 
ger of perforation. 

There is no instance in the American literature of a report by a man 
who is himself responsible for the accident, although numerous I'e- 
ports of accidental perforation have been made.®* *'*■ ®®* ®®* Crohn 

and Rosenak^® have collected twent5’^-one cases of perforations by the 
sigmoidoscope by questionnaires directed to twenty-seven recognized 
proctologists and gastroenterologists in the United States. Of these 
perforations, five were produced by specialists, seven by assistants, five 
were seen in consultation after perforation had occurred, and no data 
are ayailable concerning the remaining four cases. 

Foreign literature abounds with reports of rectal injuries due to 
enemas and sigmoidoscopy (Ballon and Goldbloom,® Pinnock,®® Gail- 
braith,*® Kayer« and many others) while in this country, Goldman,^® 
Smiley,®' Brumbaugh,® and others have reported similar eases. 
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was passed and connected to a Wangensteen suction apparatus to maintain defla- 
tion of the bowel. In addition, sulfathiazole was given. The patient received 
blood transfusions and parenteral fluids. 

Subsequently, the patient’s temperature ranged between 100 and lOS^F. On 
the fourth postoperative day, he had two bowel movements. Examination of the 
wound at this time showed marked purulent discharge and a partial dehiscence of 
the upper two-thirds of the abdominal wound. The wound was packed and 
strapped with flamed adhesive strips. The packing was removed on the sixth 
postoperative day, and new packing and adhesive strips wore applied. The Miller- 
Abbott tube and the "Wangensteen suction were working adequately, and the ab- 
domen was not distended. By the ninth postoperative day, the temperature was 
normal, and the hliller-Abbott tube was removed. The wound appeared clean 
and was granulating. The packing was removed, but the adhesive strips were re- 
applied. The wound healed slowly but steadily, and the patient was dicharged 
on the fifty-fourth postoperative day. Two months after discharge, the patient 
had no complaints, and the scar was well healed and solid. 

The pathologic report of the biopsy of the rectum was hj-perplastic glandular 
rectal mucosa, with no evidence of specific disease. 

Case 2. — M. B., a man, aged 03 years, was admitted March C, 1944, with a 
chief complaint of severe abdominal pain. This patient was being treated at an- 
other hospital for hj-pertensive cardiovascular disease, generalized arteriosclerosis, 
osteoarthritis of hands, old cerebral thrombosis and right hemiparesis, and bi- 
lateral inguinal hernia. 

Late in January, he was found to have hematuria, and cystoscopy and intrave- 
nous urography were performed but were essentially negative. March 6, 1944, the 
patient was being prepared for a repetition of the cystoscopy. A colonic irrigation 
was given as part of the preparation. During the time this irrigation was given, 
and, subsequently, he complained of severe abdominal pain. Later on, he began to 
vomit coffee ground material, and examination revealed a boardlike rigidity of the 
abdomen. A tentative diagnosis of perforated peptic ulcer was made, and the pa- 
tient was transferred to the Metropolitan Hospital. 

When first seen, this patient appeared acutely ill. He was markedly emaciated 
and in acute agony. He was lying on his left side with his knees drawn up and his 
trimk sharply flexed. Abdominal examination revealed generalized boardlike rigid- 
ity, tenderness, and rebound tenderness throughout the abdomen. Bilateral in- 
guinal hernias were reducible and not particularly tender. Rectal examination 
showed tenderness in both iliac fossae. No masses were palpable. Diagnosis 
considered was spreading peritonitis due to perforated viseus, resulting from the 
high colonic irrigation; perforated peptic ulcer. 

The patient was prepared for immediate surgery. Under local anesthesia, the 
abdomen was opened through a right rectus incision. About 200 c.c. of cloudy 
fluid were present, and this was aspirated and culture was taken. Examination 
of the sigmoid showed a perforation at the antimesenteric border about 6 inches 
from the rectosigmoid junction. This perforation was about 1^/i by cm. in 
size. The perforation was closed by three layers of sutures. No perforation was 
evident in the pyloric area. The abdomen was then closed ivithout drainage. 

Postoperatively, the patient received plasma and intravenous sodium sulfathiazole. 
A Levin tube was passed and connected to a suction apparatus. The patient’s 
condition became progressively worse, and lie died the day following the opera- 
tion. 

Case 3. — J. V., a man, aged 55 years, was admitted Peb. 19, 1939, with a chief 
complaint of severe colicky abdominal pain. The patient had given himself an 
enema in the morning of the day of admission and immediately afterward experi- 
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have retlueecl the volume oi' iiii’cetion when the contaminated Iluid en- 
tered the peritoneum. At any rate, iu this case, tiiore was no {feueral- 
ized peritouitis found at operation eleven hours after the perforation 
had occ\m-ed. and the postoperative course was remavhahly free of any 
clinical evidence of postoperative peritouitis. 

Wlien perforation, whatever its cause, has occurred, we are faced 
with an impending catastrophe unless Ave move with speed and accuracy. 
Crohn and Rosenak'" report a mortality of 47 per cent if o])erntion is 
done within seven hours, and a mortality of 100 per cent if done from 
seven to seventy-two hours after perforation. Delayed diagnosis and, 
therefore, delayed operation results in generalized sei)tic ]K'ritonitis 
with its inevitable high mortality. 

While perforation is more likely to occur in cases presenting weak- 
ening of the intestinal Avail by malignaney, diverticulum, ulceration, or 
colitis, many ca.ses have been reported Avithout essential pathology of 
the boAvel. With such common use of high colonic irrigation, it is sur- 
prising that the incidence of perfoi’ation is not higher. Attention is 
again called to the indiscriminate use of the sigmoidoscope. Proper 
training in its use Avith constant attention to the details of its nse, 
knoAAdedge of anatomy of the area, sufficient luhi'ication. gentle han- 
dling Avithout force or undue pushing, ahvays Avith removal of the ob- 
turator after the instrument has entered the anal canal, Avith proper 
lighting to visualize the direction of the intestinal canal are .safeguards 
for the prevention of accidents. Of utmost importance is a complete 
historj" as to previous operations or pehde disea.se that might have given 
rise to obstructive hands or adhesions involving the rectosigmoid, pre- 
venting passage of the sigmoidoscope. Important also is a tliorongh 
preliminary examination of the patient avIio may present large pelvic 
tumors that preclude the use of the sigmoidoscope by tbeir encroueb- 
ment on the rectosigmoid. Particular care should also be used Avhen 
the history rcA^eals passage of blood by stool because this may indicate 
a Aveakened intestinal Avail from tumor, colitis, diverticulitis, etc. 

SUMMARY 

-Three cases have been presented of traumatic perforation of the rec- 
tosigmoid ; one the result of intvareetal biopsy folloAving' sigmoidoscopy, 
one produced by a colonic irrigation, and the third by an enema. In 
all cases, the intestinal Avail Avas normal and the perforation Avas purely 
traumatic. Sigmoidoscopy, even in liigbly trained bauds, is not with- 
out danger. Other mechanical manipulations in this region are fraught 
M'ith danger. Ea-cii a simple colonic irrigation or enema may re-sult in 
perforation of the rectosigmoid or boAvel. The fact that .simple enema 
or colonic irrigation itself may result in perforatioji is to be con.sidered 
in differential diagnosis of the acute abdomen. 
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REGIONAL ENTERITIS OP THE PROXIi\rAL JEJUNUM 
FOLLOWING TRAUMA 

IMajob ]M. a. Spellberg,*^ and Lieutenant Colone.e L. W. Gray, 
^Medical Corps, Army of the Unitf.d States 

T he clinicopatliologic syndrome of terminal ileitis was brought to the 
attention of the medical px’ofessiou in 1932 J Since then our con- 
cepts of the disease have changed greatly, as evidenced by the changes in 
terminologj’-, namelj': regional enteritis, regional enterocolitis, regional 
cicatrizing entei'itis, granulomatous jejuno-ileitis. These changes in 
terminology bespeak the variations in opinion about the an.atoniic loca- 
tion of this lesion. 

The most common site involved is still the terminal ileum (Table I). 
Of 200 eases reported by Crohn and Yunich,- only seventeen were diffuse 
or involved higher portions of the ileojejunum. Of their forty-three 
cases, Warren and Miller^ found twenty-seven with involvement of the 
terminal ileum, ten with involvement of the cecum, and two ■with involve- 
ment of other areas of the small bowel. Sussman and WaehteU state 
that 60 per cent of their twenty-three cases affected the terminal ileum, 
and although they referred to the occurrence of localized jejunitis, none 
is reported in their series. Boelois,® in a series of twenty-one cases, 
found none involveing the jejunum. Brown and Donald,” reporting on 
the experiences at the Mayo Clinic, found only 5 of 178 cases of enteritis 
primarily involving the jejrmum. While Browne and McHardy,^ in a 
comprehensive review of over 1,000,000 hospital admissions and 7,970 
autopsies, found only one case of enteritis involving the jejunum. 
Ravdin and Johnston,” in a rexdew of the literature in 1939, tabulated 
462 cases of regional enteritis, of which only sixteen involved the 
jejunum. Harris and co-workers® -^vere among the first to report a case 
of cicatrizing enteritis Avholly confined to the jejunum. The first con- 
striction in this case began, however, about 60 cm. below the ligament of 
Treitz. Several single cases involving the jejunum are found in the 
more recent literature.^®"^” In none of these is the lesion confined to the 
most proximal portion of the jejunum. In Johnson’s case,^^ the first 
stenotic area was about three inches below the ligament of Treitz, and 
sldp areas involved about forty inches of small bowel. In Brewster’s^® 
case, the first area of constriction Avas about two and one-half feet below 
the ligament of Treitz. 

The case reported here is of interest, not only because of the confine- 
ment of the pathology to the most proximal portion of the jejunum, but 
also because of the preceding trauma which may have an etiologic rela- 
tionship in the pathogenesis of the lesion. 

Received-for publication, OoL 27, 1944. 
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Table I 


TnEQUEXcY OF Involvement of Jejunum in Eei-obted Cases of 
Eegional Entekitls 


AUTHOR 

TOTAL ' 
NU.MBER 

OF CASES 

NUMBER 

INVOLVING 

ILEOJEJnNU.M 

JEJUNUM 

Crohn and Yunich 

200 

17 


AVarren and Miller 

43 

2 


Bockus 

21 

0 

0 

Eavdin and Johnston 

462 


10 

Brown and Donald 

178 


5 


CASE REPORT 

A 23-year-old soldier was hospitalized July 3, 19-13, for injuries sustained that day 
when, the inotoroyele which he was driving ran into the rear end of a truck, the 
inotoreycle driving on under the body of the truck. The exact manner in which the 
injuries were sustained could not be determined because the patient was a.sleep at tlic 
time of the collision and was unconscious for a short time afterwards. He sustained 
multiple lacerations and abrasions of the face, mainly the forehead and left cheek, 
and a depressed, compound fracture of the left nnixilla and zygoma, as well as a frac- 
ture of the fiftli rib. His principal complaint was severe, generalized abdominal 
pain which apparently was not cramplike. 

On examination the abdomen did not appear distended and there was no visible 
sign of abdominal wall contusion. There was generalized abdominal tenderness, but 
this seemed more somatic, than visceral. Peristalsis was audible. Flat plate of the 
abdomen was taken and no free air in the peritoneal cavity was seen. , • 

The abdominal pain .subsided within nine days. During this period the patient 
continued to pass flatus and have bowel movements, but vomited only a few times. 
The facial fracture required extensive surgical interference. There were no symptoms 
referable to the abdomen until the end of August, or about seven weeks after the 
accident, when for three days he became constipated and suffered malaise and ab- 
dominal discomfort; all of these symptoms were for the most part relier-ed by an 
enema and a saline cathartic. However, there remained some residual and abdominal 
soreness. In spite of some apprehension about the condition of his abdomen since 
the accident, the patient ate well throughout the attack, did not vomit, and eventually 
resumed normal bowel habits. 

Physical examination at this time revealed mild abdominal tenderness with slight 
accentuation in the left upper quadrant but, with continued tenderness over the 
fractured left rib. This was thought to be of little significance. His symptoms 
having subsided, he was given a furlough for thirty days. 

Upon his return from furlough, the patient stated that he had become much 
worse. Vomiting occurred after nearly every meal. This was accompanied by 
abdominal pain which was said to be generalized. Only light and liquid foods were 
taken but the vomiting continued. In spite of this, his bowel habits remained 
normal. 

Physical findings still remianed equivocal, with abdominal tenderness diffuse and 
no distention being present. The temperature remained normal. There was no leuco- 
cytosis. The sedimentation rate was (5 mm. per hour. Stool cultures were negative 
for pathogenic microorganisms. 

Boentgenographic examination of the gastrointestinal tract, following a barium 
sulfate meal, showed the stomach and duodenum to be dilated, the duodenum to a 
marked degree. The opaque medium was almost completely arrested at the level of 
the ligament of Treitz. Distal to this part for about twelve inches, the jejunum 
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showed a complete loss of mucosal maikin};'', murlsed stenosis, ami alisence of 
peristaltic waves. Duriii<r tlunro'-copic examination it was noted tliat this poition 
of the bowel was rigid and nondistensible (Figs. ] and 2). M'hile there was ii 
scattering of barium in the rest of the small bowel, no further organit* constiiction 
was demonstrated. Study of the involved portion of the bowel with the Miller- 
Abbott tube yielded no additional information. 

IVith this evidence, a diagnosis of stenosing obstructive lesion of tlie j)ioxinial 
jejunum was made and the patient prepared for opeiation by continuous Wangcm^tecn 
suction and paienteral fluids. The symptoms of <d)strui-tion became i>rominent be- 
fore the operation, but no mass could be palpated abdominally, iind no visible 
peristalsis was detected. 



Fig. 1. — Roentgenogram of stomach, dnodemini, ami proximal jejunum one hour 
after administration of a barium sulfate meal, showing gastric and duodenal dilatation 
as well as the stiffness, loss of mucosal markings, and constrictions of jejunum. 

Fig. 2. — Four hours after the administration of barium sulfate, showing that very 
little of the meal has left the stomach. The invoUed portion of jejunum is well 
outlined. 


Oct. 14, 194o, iin exploratoiy laparotomy uas pcrfoimed under gcneial anesthesia. 
The findings were surprising. The most pioximal tuelve inches of the jejunum, be- 
ginning at the ligjiment of Tieitz, were bright in color, appealed indurated and 
edematous, and could be likened to a piece of garden hose in consistency. The 
raesentery, too, was markedly edematous and contained numerous enlaiged glands. 
In fact, glands were palpable and visible thiougUout the entire mesentery of the 
small intestine, decreasing in size caudally. The appeal ance of the involved bowel 
and mesentery was not unlike that of a subacute, nonspecific, regional enteritis. It 
was obvious that this was the cause of the obstruction. The stomach itself was 
dilated, but otherwise appeared normal. Because of the acuteness of the process, and 
because of its extension into the duodenum, it was decided not to remove the bowel 
at this time but rather to do a short circuiting operation and put tiie involved portion 
of the bowel at rest. Accordingly, a posterior ga'^trojejunostomy was* effected, 
leaving a looii of jejunum of approximately twenty-two inches. One of the regional 
mesenteric glands was removed for biopsy. 
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The biopsied lymph node showed a marked increase of plasma colls and some 
polymorphonuclear leucocytes. The endothelial cells appeared swollen. The 
pathologist called this a subacute lymphadenitis, and stated that the findings were 
not inconsistent with a diagnosis of regional enteritis. 

Postoperative convalescence was without incident and the patient was up and 
about the ward within two weeks, tolerating a diet low in roughage but high in 
calorics and vitamins. He was free of obstructive symptoms. However, it was 
necessary to maintain him on a low residue diet, as roughage seemed to produce some 
abdominal discomfort and occasional vomiting. The patient was observed for about 
five months, during the latter portion of which time he complained of inability to 
eat a large meal and stated that for one or two hours after near!}' every meal he 
had some cramplike pains in the cpiga.strium, following which period the pains sub- 
sided and he was again comfortable. It began to affect his food intake, for be- 
cause of the pain he purposely omitted meals. However, his general condition was 
not affected and although his former weight was not regained, he maintained his 
current weight. After a barium sulfate meal, x-ray examination of the upper 
gastrointestinal tract was done and it was noted that while the gastroenterostomy 
stoma was functioning well, some barium passed through the pylorus into the 
duodenum where it was literally churned, and then regurgitated into the stomach 
from where it entered into the jejunum through the enterostomy. The duodenum 
was markedly dilated and the deformity and obstruclive lesions in the jejunum were 
stiU evident. 

The patient was again operated upon,* March 20, 1914, under spinal anesthesia. 
The acuteness of the inflammatory process had subsided. The proximal portion of the 
jejunum was no longer red or indurated but appeared shriveled and constricted in 
areas, and the color was a dull and lustreless pink. The regional glands were still 
enlarged but the general appearance was that of a chronic process. The duodenum 
was markedly dilated but otherwise normal. The mesenteric IjTnphadenitis noted 
generally at the previous operation had subsided eveiyavhere except in the immediate 
area attached to the involved jejunum. The gastroenterostomy was taken down and 
the first twelve inches of the jejunum resected, utilizing an end-to-end anastomosis 
of the remaining segments. 

The postoperative course was again without incident and the patient was again 
up and about the ward within two weeks. Hollowing a suitable time in which foods 
were introduced gradually, an unqualified full diet was prescribed and taken without 
difficulty, the patient was sent on a thirty-day furlough from which he returned about 
fifteen pounds heavier and in excellent general health and spirits. At that time he 
had no complaints. 

Gastrointestinal roentgenogram two months after the last operation showed that 
the duodenum had returned to almost normal size and the motility was normal. 
Gastroscopic examination revealed the remains of a scar at the site of the old gastro- 
enterostomy. 

The specimen removed consisted of the first 40 cm. of jejunum (Fig. 3). The 
proximal 3 cm. were dilated but showed an absence of the plicae circulares. Follow- 
ing this there was a constricted area followed by another dilated area in which the 
plicae circulares were absent. In all there were three areas of constriction, and in 
about 12 cm. the plicae circulares were absent. Dilated blood vessels were seen in the 
serosa and the mesenteric Ijunph nodes were enlarged. Microscopically the stenotic 
areas showed a loss of normal architecture of the mucosal glands and in some areas 
there was a complete loss of the epithelial element, in which case they were replaced 
by neutrophiles and round cells. The entire submucosa was markedly thickened 
and contained large aggregates of plasma cells, small round cells, and scattered 


*This operation was performed by Dr. Alton Oohsner. 
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eosinopliilcs. An occasional giant cell vras present in the sulnnucosa. 'flic muscle 
layers 'were distorted and tlie serosa was markedly tkickened, edematous, and con- 
tained dilated blood vessels. In the areas where the villi wore intact and no gross 
lesions of the imicosa were seen, infiltration of plasma and round colls about the 
glands was evident. The submucosa consisted of a dense, highly vascularized con- 
nective tissue. The pathologic diagnosis was regional enteritis. 



Pig. 3. — ^Photograph of resected portion of jejunum and attached mesentery, sliowinff 
dilatations and constrictions and loss of plicae clrculares. 

DISCUSSION 

Etiology . — ^IMtich has been written, bnt little is loiowoi, about llie 
etiology' of regional enteritis. Because of the microscopic features simu- 
lating a low-grade inflammatory process or granuloma, tuberculosis was 
thought of as a possible etiologic agent. Exhaustive investigation yielded 
no evidence that the tubercle bacillus is the cause of this type of 
enteritis,®’ although a true tuberculous enteritis may^ masquerade as 
a regional enteritis. Outstanding among otlier organisms incriminated 
are those of the Shigella group. Felsen^^ has claimed an etiologic rela- 
tionship between the Shigella organisms and regional enteritis, as well 
as ulcerative colitis, on the basis of epidemiologic, bacteriologic, and 
serologic studies. This viewpoint has not gained widespread acceptance 
and most ivoi’kers in the field deny that a specific bacterial agent has 
been demonstrated to be the cause of this disease. Kavdin and Johnston,® 
in their comprehensive review, refer to no less than twelve possible 
etiologic factors: (1) bacteria, (2) bacterial toxins, (3) viruses, (4) 
protozoa, (5) metazoa, (6) achylia gastriea, (7) allergy, (8) foreign 
bodies, (9) nonspecific inflammation of appendix, (10) impairment of 
blood suppljq (11) interference wdth Ij'mphatic supply’', and (12) 
trauma. 
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'I’raunia is an cliologic factor about Avliich varying opinions Jiave 
been expressed. Crolnd' denies tliat there is a can.se and effect relation- 
ship lietwecn trauma and regional enteritis, and ■where the history of 
preceding trauma is obtained, the latter may l)e an unrelated coincidence, 
or at most an aggravating factor. Conti’ary to this is a report hy 
Eeichert and IMathes^'"' of a 40-yoar-old man who developed cramplike 
abdominal pain, associated with vomiting and diari'hea, two weeks after 
a severe blow to the abdomen from the steering wheel of an automobile. 
The .s.mnptoms gradually increa.sed and two months later an operation 
was required. Upon exploration of the peritoneal cavit.v, a portion of 
the ileum Avhich was apparently traumatized at the time of the accident 
was found kinked and boiind down by adhesions. The mesentery was 
short, thick, and boggy, and contained dark-colored material at its 
roots. No glandular involvement was described. Because of enlarge- 
ment of the laeteals, lymphatic ob.structioTi was advanced as an im- 
portant ctiologic factor. In experimental animals, Reichert and iMathes’" 
succeeded in producing cicatrizing contractions of varioiv^ parts of the 
bowels by injecting sclerosing agents into the subserosal and me.sentcric 
lymphatics. Bell,’" however, was unable to produce cicatrizing enteritis 
or any lesion simulating the condition by interfei-ing with the blood 
supply to the intestinal tract. 

Traumatizing surgical procedures and intestinal trauma from in- 
trinsic causes have been incriminated as ])o.ssible causes of granulomatous 
intestinal lesions. Leonardo” described a case of ileocecal granuloma 
developing only eleven days after a very difficult appendectomy, neces- 
sitating much traumatization. In 1928, before regional enteritis was 
established as a disease entity, Ginsburg and Klein'® reported three ea.ses 
of .stenotic lesions of the small bowel, developing two weeks to five 
months after the relief of strangulated ingiiinal hernia. The thought 
is expressed that interference with blood supply, insufficient to cause 
aangrene, may result in enough devitalization oC tis.sue to produce 
cicati'icial changes. Two type.s of lesions are described, an anular type 
and a tubular type. In another paper, Ginsburg and Oppenheimer’'’ 
point out that “nonspecific granulomas of the inte.stine” may form 
secondary to sealed perforation and secondary to known Avascular dis- 
turbance of the gut. In a paper on “Ineffective Granuloma,” IMocle" 
discus.ses various factors that may encourage the formation of chronic 
granuloma of the intestines. He discusses surgical trauma at great 
length. He refei-s to granulomas developing about silk sutures and 
those forming around ligatures of omentum or mesenteiy as Avell as 
arovind foreign bodies left in the peritoneal cavity. In regard to 
extraneous injuries he says, “The importance of trauma in the form- 
ing of these obscure intra-abdominal tumor masses, so often mis- 
taken for malignant tumors, has never been sufficiently stressed. No 
case of granuloma as the direct re.sult of an accident, such as fiom an 
automobile or a fall, has ever been reported, I believe.” 
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In our ease llio Iraiuiia is a diallcngin”: farlor in tlic jirodiielion of 
the final lesion. While a definite cause and effect rclationshi)) cannot be 
established, there arc many fcalure.s which favor such a ])ossil)ility. The 
patient had no .syiuptoins whatever before tlie accident, yet the disease 
progressed rapidly to a stenosis once tlie .symptoius l)ocanio inanifc.sl. 
The portion of the gut involved is one that woidd be more sub.icct to ex- 
ternal trauma because of its relatively fixed anatomic position. The 
limitation of the lesion to a small segment of terminal ileum is not un- 
common. However, when the lesion involves more ])roximal ])ortious 
of gut, skip areas occur with great regularity. In our case the pathologic 
proee.ss remained limited to the .iejunum throughout tlie five months’ 
interval between the two surgical procedures. 

On the other liand, it is difficult to conceive how trauma by itself can 
produce a lesion that is essentially inflammatory in character. The 
usual type of traumatic in.iuxy of the hollow viscera is a perforation. 
Kelly, in discussing nonpenct rating abdominal injuries, found that in- 
testinal perforation occurred in all of his cases of severe injui-y. An- 
other method by which severe injury to the gut could be produced 
through trauma is from hemorrhage or other vascular damage. How- 
ever, in this ease, no evidence of extensive hemonhage was seen at opera- 
tion or could be presumed clinically. In the case rejxorted by Reichert 
and Mathes,^’’ the finding of dark-colored material at the root of the 
mesentery was suggestive of old hemorrhage. The lapse of nearly two 
months between the injury and the development of symptoms is also 
.surprising. Finally, in this mechanical age when abdominal trauma is 
common, it would be suspected that such cases as ours will bo reported 
in the literature with greater frequency. 

One case, however, that bears some resemblance to ours is that de- 
sei’ibed by Pupiiii,’^ in which a 36-yeai’-old man suslained an injury to 
the abdomen by falling against the steering wheel of a launch. In this 
ease .symptoms occurred immediately and continued without remission 
until he was admitted to the hospital two months later. The .symptoms 
were those of intestinal obstruction;'- Upon exploration, about 10 cm. of 
mid-ileum were found involved.^ Gross appearance of the boAvel was 
similar to the appearance of the jejunum in our case at the first opera- 
tion. No glandular involvement is mentioned and no microscopic de- 
scription is given. In the case of regional jejunitis reported by Browne 
and jMcHardy,' a history of severe abdominal trauma Avas elicited. 
Severe symptoms in their ease occurred seven days after the abdominal 
trauma. The lesion involved the mid-portion of the jejunum -which 
appeared thickened and “acutely inflamed.” Microscopically, the boAvel 
wall showed acute exudative and chronic inflammatory changes. There 
is no mention of enlarged mesenteric hnnpli xmdes. 

Symptomatically, the ca.se reported presents the unu.sual but rational 
.sequence that one Avould expect in inflammatory and steno.sing lesions at 
the proximal end of the small intestine. There is less emphasis upon 
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disturbance of bowel function as represented by diarrhea and constipa- 
tion, more upon upper abdominal distress and vomiting closely simulat- 
ing the picture of pjdoric obsetniction. 

Even though the inflammatoiy lesions subsided after the first opera- 
tion, the patient continued to have mild sjTnptoms, apparently because 
of the mechanical difficulties in the dilated loop of the duodenum. In 
spite of the functioning gastroenterostomy stoma, some material entered 
the blind loop of duodenum. The patient became practically asymp- 
tomatic after resection of the involved loop of the jejunum. 


SUMMARY AND CONCLUSIONS 

1. A case of regional enteritis confined to the proximal jejunum is 
presented. 

2. The symptoms began about two montlis after a nonpenetrating in- 
jury to the abdomen. 

3. The possible etiologic relationship of trauma to regional enteritis 
is discussed. 
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INTRAPERITONEAL ABSORPTION PATTERNS OF 
SULFONAMIDE DRUGS (AVITH SPECIAL REFERENCE TO 
lillCROCRYSTALLINE SULFATHIAZOLE) AND A COI\IPARISON 
OF COINCIDENT CONCENTRATIONS IN THE PORTAL A^EIN, 
SYSTEMIC CIRCULATION, AND PERITONEAL FLUID 

Majob Alexander E. Pearce, IMewcal Corps, Army of ti-ie United 
States, John G. Reinhold, Ph.D., Rose Polonsky Feldman, B.A., and 
John 0. Bo^\rER, M.D., F.A.C.S., Philadelphia, Pa. 

(From, the Foundation for Clinical and Surgical Fcsearch and the Division of 
Biochemistry, Fhiladelphia General Sospital) 


T he purposes of this paper are: (1) to demonstrate the absorption 
curves of sulfonamide drugs, with special reference to microcrystal- 
line sulfathiazole,*' in the normal peritoneal cavity and (2) to compare 
the concentrations of these drugs in the portal and systemic veins and 
in the free peritoneal fluid. 

Increasing attention has been given to tlie administration intra- 
peritoneally of sulfonamide drugs of greater antibacterial potency than 
sulfanilamide.^’ -* However, the lower solubilities 

and certain other differences in physical properties of such compounds, 
especially sulfathiazole and sulfadiazine, make the commonly used 
method of sprinkling the crystalline material into the peritoneal cavity 
even more objectionable than when sulfanilamide is so introduced. 
Microcrystalline sulfonamides^ would appear to offer means of obtain- 
ing more complete dispersion of the sulfonamide in the abdomen and 
of avoiding, to some extent at least, the foreign body reaction caused 
by caking and clumping of the material ivhen introduced by sprinkling. 
Furthermore, when employed in the finely divided state of microcrystals, 
solution of the sulfonamide occurs much more rapidly because of the 
much larger surfaces exposed to the solvent action of the body fluids 
so that higher concentrations are obtained. Favorable results have been 
reported by Ferguson'^ and by Chambers, Harris, Schumann, and Fer- 
guson^ when microerj’stalline sulfathiazole was employed locally for 
therapeusis in a variety of conditions. The latter have also described 
the response of rabbits and dogs to intraperitoneal administration of 
sulfathiazole in the form of microcrystals. 

Experiments described in this paper were designed to provide 
additional information concerning the behavior of microcrystalline sulfa- 
thiazole introduced into the abdomen of the dog. The influence of the 
method of administration, whether as powder or suspension, also has 
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been investigated. The rale of absorption of snlfalhia/.ole from tlie 
peritonciun was studied by means of .serial determinal ions of its concen- 
tration in the peri])beral blood. However, the ])ossibility that this does 
not provide an adequate measurement must be considered, and state- 
ments to this effect have been made/' a marked uptake of drug by the 
liver with resulting injurious effects having been ])ostulated. One of 
us has pointed out'^ that the evidence did not warrant the inferences 
based thereon, i^xamination of the portal blood was included in our 
studies to make certain that microerystalline siilfathiazolc might not 
differ in this resjmet from ordinary sulfathiazole. Peritoneal Iluid also 
has been examined when present. 


'I’ECIIXIQUK 

Sulfonamide drugs, 0.28 Om. per kilogram of body weight, wei'o ad- 
ministered into the peritoneal cavities of normal dogs. jMicrocryslalline 
■sulfathiazole suspension (20 ])er cent in gelatin) was given through an 
IS gauge needle inserted through the abdominal wall; no anesthesia was 
necessary. Approximately two minutes were required to empty the 
syringe. In order to avoid complications caused by caking, which often 
occurs when sulfonamide drugs arc dusted into the peritoneum, micro- 
crystalline sulfathiazole powder, sulfathiazole ])owder, and sulfanilamide 
powder were insufflated with a Shclanski vaginal insufflator through a 
1 cm. incision, using an open teclmujue for incising the peritoneum 
developed by one of us for peritoneoscopy.’” Sodium pentothal anes- 
thesia was used. At stated intervals, Idood was taken by venipuncture. 
Plasma was used for sulfathiazole determinations, and whole blood for 
sulfanilamide. At approximately the time that maximum systemic sul- 
fonamide levels were expected, the animals were anesthetized by intra- 
venous nembutal, 0.33 to 0.44 Gm. per kilogram, and subjected to 
laparotomy. Peritoneal fluid was aspirated, after which blood was 
withdrawn from the portal vein and from the heart. Liver bio])sy was 
then performed. The incisions were closed in layers. Additional veni- 
])uncturcs were performed po.stoperatively. Peritoneal fluid was filtered 
before it was analyzed. 


RESUnT.S 

Insufflation of sulfanilamide into the j)eritoncal cavity (Pig. 1) caused 
a rise in blood sulfanilamide, more rapid than that described by Jackson 
and Coller’- following implantation of sulfanilamide in i^critoneal cavi- 
ties of dogs but similar in other respects. Lower values wei'c obtained 
by Keeley.’” Ambrose and Ilaag’ used only 0.1 Gm. per kilogram and 
their results thus cannot be compared directly with ours. 

Insufiiation of sultathiazole in its ordinary crystalline form led to 
peak values two to three hours after administration of the drug, dis- 
tinctly later than those obtained after sulfanilamide (Pig. 2). The 
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graphs obtained by plotting conecntration in plasma against time re- 
semble those shown for whole blood by Ambrose and Haag,' differenees 
in height of the rise being ex|)lained in part by the higlier dosage em- 
ployed in onr experiments, and in part by the dift'erenee between plasma 



Kig;. 1. — nuiod svilfaniUimido coneonlration after intraperitonoul insiilllation of sulfa- 

nllainide. 



I'Mg. 2. — Plasma sulfalhiazole concentration after intrapeiitonoal insufriation of sulfa- 

thiazolc powder. 


and whole blood snlfathiazole concentrations. (Plasma sulfalhiazole 
concentrations arc ordinarily about 25 to 35 per cent higher than cor- 
re.sponding concentrations in whole blood. 1 

Insufflation of microcrystalline sulfalhiazole caused a rise to an aver- 
age of about 12 mg. per 100 c.c. in plasma. No marked difference in 
plasma sulfalhiazole concentrations is CA'ident (Fig. 3) as compared with 
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the response to ordinary crystals of siilfalliiazole. Tlierc is some indica- 
tion that the curves for the latter may he lower, although it is impossible 
to draw conclusions from two exjierimcnts. 



Pig. 3. — Plasma sulfathiazolc concentration after inlraperitonca! insiifllation of mi- 
crocrystalllno sulfathiazolc powder. 



Fig. 4. — Plasma sulfathiazolc concentration after intraperitoneal injection of mi- 
crocrystalline sulfathiazolc suspension. 


Intraperitoneal injection of a suspension of microcrystalline sulfa- 
thiazole usually caused an immediate and striking rise in plasma sulfa- 
thiazole concentration to levels considerahlj" higher than those ordinarily 
attained when other methods or routes of administration "svere used 
(Pig. 4). Thus, at one hour an average plasma sulfathiazole of 18.2 
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mg. per 100 c.c. was observed, at two hours this had risen to 20.7, at 
four hours it was 18.9, and at six hours it was 18.6 (Fig. 5). Our re- 
sults confirm those of Ciiamber.s, Harris, Sciiumann, and Ferguson.^ 
Gilchrist and his associates'’ found even higher values but used larger 
doses. 

The results of three experiments differed from the remaining seven- 
teen in that only slight increases occurred in plasma drug concentration 
after intraperitoneal administrations of sulfathiazole .microerystal 
suspension. The technique employed in making the in.iections, it is 
believed, precluded the possibility of piercing a vi.seus, and tlie liigh 
level found twenty-four hours after the injection in Dog 33 eliminates 



Pig;. 5. — Mean plasma sulfonamide concentration after intraperitoneal implantation of 

sulfonamide drugs. 


such an explanation. Furthermore, laparotomy done on Dog 32 in the 
course of another experiment in which the rise in drug concentration 
in plasma was less than 1 mg. per 100 c.c. showed the drug to be 
present in the peritoneal cavity in the form of globules 1 to 2 mm. in 
diameter. In this state a relatively small surface would be exposed to 
the solvent action of peritoneal fluid and absorption might be delayed. 

In two experiments after an initial rise, followed by a period of sev- 
eral hours characterized by comparatively stable concentrations, a 
marked secondary rise in plasma sulfathiazole occurred. This again 
might be caused by increased dispersion of the suspension of micro- 
crystals. Another possible explanation is an increase in solution of the 
sulfathiazole following stimulation of the formation of peritoneal fluid 
by the drug. Because of the low solubility of these substances, the vol- 
ume of fluid available together with its protein content will be one of 
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the factors Ihiiitins I'aie of absorption. Pi’olein is iiniiortant be- 
cause of the existence of snifatliiazole-protein complex. Also to he con- 
sidered is the existence of more tiian one pathway l)y wliieh transfer 
from the ])critoneal space to the blood stream could occur. 

Sulfathiazole concentrations exceedin'^ 3.h ni”:. per 100 c.c. of i)lasma 
were observed in three experiments. In each, a similar experiment had 
been done on the ])reeeding day and some residual sulfathiazole was 
found in the plasma at the start of the experiment. However, other 
experiments under similar conditions failed to .show exceptionally high 
levels and in one dog little rise over the re.sidnal level occurred after 
administration of a second dose intrajjcriloneally. 

Fig. .h shows the mean concentration curves for sulfanilamide, sulfa- 
thiazole, microcry.stalline sulfathiazole ])owdcr, and mieroerystalline 
sulfathiazole suspension. 

Table I shows concentrations of sulfonamide drugs in plasma or blood 
samples collected at the same time from the heart and from the portal 
vein. In some instances peritoneal fluid was collected and analyzed as 
well. The drug concentrations in portal and heart blood are tlic same. 
The results are in agreement with those of Jackson and Coller who 
found no differences in sulfanilamide concentrations between ])ortal and 
peripheral blood four hours after intraperitoneal administration, jilaxi- 
mal differences were observed by them within thirty minutes after tlie 
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Hulnmilaiuiilo powder 

.18.0 

180 

18.2 
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18.2 
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Sulfathiazole powder 
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10.0 
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drug was im]daiilcd, wlicn tlic porlal blood coiu'i*))! ration was 40 per 
cent higher than that of the pcriplioral blood, but the eoneent rations 
soon approximated those of the peripheral blood. Obviously, compari- 
sons of drng concentrations in ])ortal and ])erii)beral circnlation can be 
evaluated only when distribution tbrougb tbe body is comi)lete and 
equilibrium between tissues and ])lasma bas been attained. 

As is to be expected, high concentrations of sulfalhiazole or sulfa- 
nilamide drug are present in the peritoneal fluid. The number of speci- 
mens is insufficient to evaluate the concentrations in peritoneal fluid 
esfablished by the several forms of sulfathiazolc tested. The highest, 
concentrations, however, are to be seen in the fluids taken after injection 
of the suspension of microcrystals. 

The incidence of vomiting was liigh in those experiments in which 
the suspension of sulfathiazolc microeiystals was u.scd, occurring in nine 
of twenty-two experiments. Sulfathiazolc administered in comparable 
dosages in other forms did not cause vomiting. 

Small amounts of fluid were found in the peritoneal cavity in nine 
of eleven exiieriments. Of these, five showed clear fluid and foui' showed 
fluid that was .slightly serosanguinons. The serosangninous fluid in each 
instance was found in those experiments in which incisions had been 
made for insufflation. 

DISCU.SSIOX 

The rate of absorption of sulfonamide compounds from the peritoneal 
cavity depends on many factors: tbe chemical nature of the compound 
used, its physical state, the method of administration, the extent of 
binding by protein, specific differences in permeability, and the state 
of the peritoneum. It appears that plasma levels, in turn, depend on 
the ease of absorption, the availability of the drug for excretion, and 
the extent of tubular reabsorption in the kidney. In this study of intra- 
])ei*iloneal administration it is .shown that, ciwstal size as Avell as the 
\:se of a suspension, as compared with insufflation, greatly influences the 
rate at which sulfathiazole enters the blood. Similar differences be- 
tween sulfathiazolc administered as a powder and as a .suspension were 
observed by Crutcher, Daniel, and Billings.* 

A noteworthy feature of the experiments dealing with intraperitoneal 
injection of a suspension of sulfathiazole mieroerystals is the high con- 
centrations of this drug that are established in the plasma. At a given 
dosage rate, sulfathiazole administered orally fails to reach levels as 
high as those characteristic of sulfanilamide, sulfapyridine, sulfadiazine, 
or sulfamerazine, mainly due to the Tact that it is so readily excreted. 
Thus, the average concentration of 20 mg. per 100 c.c. maintained for 
several hours exceeds any that can be obtained by other means save 
continuous intravenous administration of the sodium salt, itlultiple 
subcutaneous injections of saline .sirspensions of sulfathiazole by Both 
and Fernandez’’ gave comparable concentrations but only witli much 
larger amounts of drug. Tbe frequency with which vomiting occurred 



358 


SURGERY 


at sucli Mgli levels, however, suggests that somewhat smaller amounts 
be employed by this route. Despite tlic variable response to single in- 
jections, our experience with repeated intraperitoneal injections, al- 
though limited, points to this as a promising procedure enabling main- 
tenance and a degree of control of blood sulfonamide levels. 

It has already been pointed out by one of ns (Pearce^®) that appre- 
hensions concerning excessively high concentrations of sulfanilamide in 
the poi'tal blood following intraperitoneal administration Avere not Avar- 
ranted. Our experiments demonsti’ate that snlfathiazolc, like sulfa- 
nilamide (Jackson and Coller^-), shoAved no significant differences be- 
tAveen drug concentrations in portal and systemic circulation Avithin 
one hour after the drug Avas given. Differences such as those observed 
by Jackson and Collcr®- occurred onh’- for a eomparativelj’’ short time 
after the di’ug Avas administered. Rapid transfer of the drug from 
peripheral blood to tissues before the concentration in the latter reaches 
the point of equilibrium could explain these initial differences. Thus, 
it is unnecessary to postulate a selective absorption by the liver. We 
observed no physical evidences of hepatitis despite some high plasma 
sulfathiazole concentrations obtained Avith the microerystalline suspen- 
sion. Judgment must be reserved, howcA'er, until a detailed histologic 
study of liver biopsies has been completed. 

Differences in rate and extent of absorption of these drugs are to be 
anticipated in the presence of the pathologic peritoneum. Inflammatory 
processes, Avhere free peritoneal fluid is found and the peritoneal surfaces 
become edematous, tend to decrease absorption from the serous surfaces, 
although in the initial phase of peritonitis, Avhen simple capillary hyper- 
emia alone is present, absorption may be increased. When Avell-organ- 
ized barriers such as abscesses are formed, peritoneal absorption may be 
sloAved and high local drug concentrations may remain for long periods 
as shoAvn by clinical observations of protracted blood levels. Rates of 
absorption shoAvn in the present experiments, therefore, are more rapid 
than those encountered in disease inA'olving the peritoneum. 

High local concentrations of sulfonamides haAm a greater bacteriostatic 
effect than Ioav concentrations of the drugs. According to Mueller and 
Thompson^^ more organisms may be affected and the drug action becomes 
bactericidal. Evidence fi’om many sources'*’ testifies 

to the A’alue of sulfanilamide implanted in the peritoneal cavity. Hoav- 
ever, Epps, Ley, and HoAA'ard,® Stafford,-^ and Poth and Fernandez^" 
found sulfathiazole to be more effective in peritonitis than Avere other 
sulfonamide di'ugs. The latter found that a combination of high blood 
concentrations maintained together Avith high local coneenti’ations is 
the best response. Whether sulfathiazole is the drug of choice for such 
a purpose requires additional study, since despite its 'high antibacterial 
activity the greater rapidity Avith Avhich it is excreted and the possibility 
of complications in the urinary tract and other toxic manifestations may 
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make sulfadiazine or sulfamerazinc preferable. Sulfadiazine is avail- 
able in microcrystalline form and has been studied after being implanted 
into the peritoneal cavity at operation by Hawking and Hunt.” Ab- 
sorption was incomplete and sulfadiazine lumps surrounded by adhesions 
and lymph were found at necropsy ten days postopcratively. Pre- 
sumably, use of a suspension of microcrystals would obidatc this com- 
plication. Sulfadiazine powder lias been employed intraperitoneally 
with good results by Ryan, Bauman, and klulholland-® and AValter and 
Cole.^^ However, Crutcher, Daniel, and Billings^ found a more marked 
inflammatory reaction caused by sulfadiazine than by sulfanilamide or 
sulfathiazole. Differences in the chemical and physiologic behavior of 
the various sulfonamide drugs are sufifieieutly marked to make obliga- 
torj^ a detailed study of each when employed in a new dosage, form, 
or route of administration. 

Because of the facility with which suspensions of microcrystalline 
sulfonamide can be injected dii'eetly into the peritoneal cavity, appli- 
cation of this form of therapj’^ suggests itself in the treatment of perito- 
nitis and the management of blast injuries. The use of penicillin 
intraperitoneally also awaits investigation. 

SUMMARY 

1. Sulfathiazole introduced into the peritoneal cavity of normal dogs 
in the form of microerystals was more rapidly absorbed than was crys- 
talline sulfathiazole when compared on the basis of concentrations of 
drug in the plasma. 

2. Microcrystalline sulfathiazole injected into the peritoneum as a 
suspension gave higher concentrations of drug in blood plasma than 
did comparable amomits administered bj^ insufflation, although the 
response to the former was not uniform. 

3. High and sustained concentrations of sulfathiazole in plasma can 
‘be obtained by intraperitoneal injection of a suspension of micro- 
crystals. 

4. Simultaneously collected samples of blood from portal vein and 
heart contained practically identical concentrations of sulfonamide 
drugs 60 to 360 minutes after intraperitoneal administration eitlier as 
crystals 'or microerystals. 
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AN IMPliOYED ]\1ETH01') NOR TJIE IMPI.ANTATION OF 
.SULFONAj\IIDI5 C0]\IP0UN1)S in the ABDOiVlTNAE 
CAVITY AND LOCAL WOUNDS 

OscAu E. Fox, jM.D., Rkauixo, Pa. 

W E ASSEMBLED, in 1943, an apparatus to implant sulfanilamide 
powder or crystals in the abdominal cavity, more satisfactorily 
and efficiently than merely to pour or dump the drug in the abdomen 
from a test tube or sterile envelope. This method also guards against 
the formation of lumps and small masses Avhich may,, become insoluble 
masses and act as foreign bodies. 



Fig. 1.— A, The insufllator ; /?, rubber tubing eiglUeen inches long. 



Pig. 2. — A, The insufflator ; G. small piece of rubber tubing tied off at one end to pro- 
tect the tip of the insufflator when not in use. 

Figs. 1 and 2 show the parts of the apparatus:'- The insufflator (A), 
rubber tubing eighteen inches long {B), and small piece of ruliber tub- 
ing tied off at one end to protect the tip of the insutfiator when not in 
use. 
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It is our custom to load the sterile insufflator with 8 Gm. of sterile 
sulfanilamide crystals for each case in order to have an amount suf- 
ficient for implantation of the abdominal cavity to spray the drainage 
tract on the way out, as well as the abdominal wound itself. We use the 
sulfanilamide ciystals, exclusively. 

In the treatment of local wounds the insufflator without the attached 
rubber tubing is very satisfactory and permits implanting the wound 
thoroughly, regardless of location or position and without the danger 
of lump formation of the drug. 

The care of the apparatus is as folloAvs : Tlie insufflator is wrapped in 
double covers and autoclaved under nineteen pounds pressure at 250° 
F. for thirty minutes. The rubber tubing is washed in soap and water, 
rinsed once in tap water and three times in distilled water, coiled up, 
wrapped in double covers, and autoclaved under fifteen pounds pressure 
at 250° F. for fifteen minutes. 


COMMENTS 

This simple apparatus is handy and very satisfactoiy, a decided im- 
provement over any other method of which I have any Imowledge. The 
operator has the advantage of being able to implant the drug in the form 
of a spray, anywhere in the abdominal cavity, without handling or 
traumatizing the abdominal contents. 



THE VALUE OF STAPHYLOCOCCUS TOXOID IN THE 
TREATMENT AND PREVENTION OP CHRONIC 
STAPHYLOCOCCUS INFECTIONS 


Helen Zaytzefp Jern, ]\I.D., Catherine Caprarro, A.B., and 
Prank L. Meleney, M.D., New York, N. Y. 

(From the Laboratory of Bacteriological Bcsearch of the Department of Surgery, 
Columbia University College of Physicians and Surgeons and the 
Presbyterian Hospital) 

INTRODUCTION 

T he treatment and prevention of chronic stapliyloeoccus infections, 
particularly of recun'cnt funmculosis and axillary abscesses, has 
alwa 3 ’’s been one of the major problems confronting general practitioners 
and surgeons. It is Icnoivn that the use of vaccines, various chemicals, 
such as “stenoxyl” and sulfanilamide derivatives, x-ray and ultraviolet 
iiTadiation, autochemotherapj’", and manj’’ other methods of treatment 
have not fulfilled their expectations. It is natural, therefore, that the dis- 
covery of staphjdoeoceus toxin^'° and its ability to produce antitoxin®'^^ 
attracted vdde attention as a possible method of treatment and preven- 
tion of staphylococcus infections. 

literature 

The discovery of Burnet^* that staphylococcus toxin could be detoxified 
by formaldehyde without the loss of its antigenic power, greatly simpli- 
fied the matter of immunization. This led to the wide clinical use of a 
detoxified toxin knoAvn in different countries as toxoid or anatoxin. 
Significant Factors in the Preparation of Toxoid in the Literature . — 
1. General laboratory observations: At the present time we Imow of 
four different staphylococcus toxins, namely hemolj^sin, leucocidin, 
necrotoxin, and lethal toxin, each one causing a characteristic reaction. 
According to Panton and Valentine,^® different strains of staphylococci 
are capable of producing these toxins in varying proportions. They have 
also sho^vn that while necrotoxin, hemotysin, and lethal toxin of various 
strains are very similar, the strains differ considerably in the production 
of leucocidin. The latter view has been supported by Bryce and 
Burnet,®® by Parish and Clark,®® and by Ramon and Richou.®® 

Panton and Valentine®® and Valentine®® have further found that acute 
human infections were associated with strains which produced strong 
leucocidin, while sycosis, acne, and other small chronic staphylococcus 
infections were often caused by strains which yielded powerful hemolj’-sin 
but wealc or undemonstrable leucocidin. In view of these findings it 
becomes important that toxoid used in recurrent furanculosis should 
be rich in leucocidin, whereas toxoid used for sycosis and similar lesions 
should contain powerful hemolysin. But since, at the present, there is 

Received for publication. Oct. 12, 1944. 
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110 clift'crentialion made in the use of loxoid for one or anolliei- lypo of 
stapliyloeoccns infection, it is expedient that, toxoids should contain 
all of tlie.se toxins in sufficient quantities to stimulate the production 
of stronjr antitoxin for each individual toxin. Preferably, toxoids 
should be made from a number of toxigenic strains isolated from repre- 
sentative types of staphylococcus. 

2. CnJtnrc medium: In order to inaiiitaiii a consistently high toxi- 
geiiicity of any staphylococcus, tlio selection of an appropriate medium 
is e.sscntial. The semifluid medium of Burnet’- containing O.S per cent 
agar in the 2 per cent proteose-peptone Imffered broth of Parker,^ seems 
to be widely used in this country and abroad. However, as different 
toxigenic strains vary in their nutritive reipiirements for the continuous 
production of powerful toxin, many modifications of this medium, in 
regard to the brand of jieplone and meat base, liavc been proposed. It 
has been reported that the presence of a small amount of potassium, 
magnesium, and glucose are essential for the jiroduction of powerful 
toxin, some of these ingredients favoring tlie production of hemolysin 
and others of leucoeidiii. Kamon and his co-workers discovered many 
toxigenic strains by using synthetic media of definite chemical composi- 
tion, including two indispensable ingredients, namely, nicotinic acid and 
thiamine chloride. 

3. Antitoxin Binding Power: Burnet,” and Ramon and liis co-work- 
ers’® have found that if staphylococcus toxin and antitoxin are mixed 
in the proportions in which they are mutually saturated, flocculation 
occurs, which represents the precipitation of combined toxin and anti- 
toxin. By means of this test it is possible to evaluate the antitoxin bind- 
ing power of toxin ; thereby the antigenicity of the toxin can be gauged.® 
When toxoid is prepared l)y the use of foianalin, the flocculation re- 
action remains unaltered and its antigenicity may be estimated fairly 
accurately quantitatively.’® These observations of Burnet, and of 
Ramon and his co-workers, liave been confinned by Dolman and 
Kitching,®'’- Kitching and Farrell,®’’ ®® Chaudhuri,®® and other workere, 
who consider the high binding power of toxoid as determined by the 
floecidation test most essential in the determination of the potency of 
toxoid. Ramon and his co-workei’s believed that in order to produce 
a beneficial therapeutic effect, toxoid must possess an antigenic power 
of at least 10 units per cubic centimeter, that is, that 1 c.c. of toxoid 
should completely flocculate 10 international units of antitoxin. 

However, in the preparation of commercial toxoids this factor ap- 
parently has not always been given due attention. The study of 
Farrell®^ on eleven samples of toxoids, seven of which were obtained 
from the open market, proved that the number of antitoxin binding 
(Lb)^ units of these toxoids ranged from 1.2 to 51 lib per cubic centi- 
meter. And out of the seven sjimples from the open market, five con- 
tained le.ss than ten antitoxin binding units (Id)) per cubic centimeter. 

Der '-ubic centinietnr is the number of unit.'! of antitoxin combininpr witli 1 
nil. of toxoicl. 
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VUnicul f'.sT of Slaplnjlococcun Toroid . — 

1. Coniunifjht ioroid: The first atlenijil to iililize sf:i]>liyloeue(nis 
toxoid ill the treatiiient ol' stiiphyloeoeeus iiifeetioiis was made in 
in Canada, liy Colman. who was associated with the Connausrht lab- 
oratories."'’ Toxoid used in this work was iirepared hy the addition ol 
a 0.3 per cent solution of formaldehyde to the iiooled toxins obtained 
from several highly toxigenic .strains of staphyloeoeei, freshly isolated 
from various types of human lesions. When toxin was first jirodueed it. 
possessed very high hemolytie, dcrmoneerotic, and lethal jiower. The 
leucoeidin power evidently was not tested. Twenty-eight patients suf- 
fering from intractable, persistent, rceurrenf .staph yloeoecus infections 
were treated, including sixteen ea.ses of recurrent furunculosis. Allevia- 
tion and then apparent cure followed in all eases in the fourse of four to 
eight injections, for a total of 0.75 to 1.5 ml. given at five- to seven-day 
intervals. The clinical improvement could he correlated with an in- 
creased titer of circulating antihemolysin, which on the average in- 
creased tenfold. 

In 1935 Dolman,"’ using Connaught toxoid, .supplemented his early 
work with a .scries of 306 cases of various sta]fiiyloeoccus infections. In 
this scries there Avere cighty-onc cases of recurrent furunculosis, the 
others being acne, staphylococcal infections of the nose, throat, and 
nasal sinuses, recurrent abscesses, and fifty-nine cases of chronic osteo- 
myelitis. He observed that the clinical evidence of the acquisition of 
immunity Avas usually apparent after Iavo to three injections. By this 
time the boils shoAved rapid regression and ncAV ones stopped appearing. 
In some cases of recurrent furunculosis, os many as tAventy injections 
had to be given in order to prevent recurrences. In all recurrences the 
patients carried toxigenic strains of staphylococcus in the anterior nares. 
The latter finding Avas confirmed by Valentine.’'’ 

Gilchrist and Wilson"^ successfully used Connaught toxoid in the 
treatment of sixty-five cases of staphylococcal infections of the upper 
respiratory tract in patients Avitli diabetes, Avith only three failures. 

2. Burroughs Wellcome toxoid in England: Using four injections for 
a total of 0,75 ml. of Burroughs 'Wellcome toxoid prepared in England, 
Connor and IMcKie,"'’ Connor,'-” and Gohar"® reported similar clinical and 
serologic findings in a group of patients .suffering from furunculosis and 
sycosis. Their toxoid Avas prepared from the pooled toxins of four 
strains of staphylococci and detoxified Avith 0.2 per cent formaldehyde. 

Similarly favorable results Avith 'Wellcome toxoid Avere obtained by 
Parish, O’Meara, and Clark"® in the treatment of recurrent furunculosis. 
The rapid increase of the antihemolysin titer and the correlation AA'ith 
clinical improvement made them feel that circulating antitoxin is of 
value in combating the infection. 

Usimr six injections for a total of about 2 ml. of 'Wellcome toxoid. 
Murray'"' reported encouraging results in a group of 116 cases of various 
superficial clironic staphyloeoccai infections. The antihemolysin titer. 
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■which in untreated cases -was usuallj' on an average oi 1 unit, reached an 
average of 7.6 units one "week after the fouidli injection. This amounted 
to an increase of eight times that of the initial titer. Eighty-one pa- 
tients ■who had recovered were seen after a period of two to five months 
or more; in thirteen, relapses had occurred, hut the lesions wore usually 
not severe. Results in acne were less encouraging than in other infec- 
tions. 

Using "Wellcome toxoid, Wliitby*"’ ol)taincd encouraging results in 
a group of 200 eases. Of tlie.se, 117 were cases of furunculosis, some 
cases of .styes, some of pustular acne, sycoses, and other superficial 
staphylococcal infections. Seventy-six out of 117 patients uith furuncu- 
losis recovered rapidly, however, 25 per cent of these had relapses. A 
second course brought relief, but onh" continued monthly doses suc- 
ceeded in preventing further relapses. There was no success in the treat- 
ment of acne and sycosis. The variability of individual serum responses 
to a set dose of toxoid, and the laek of correlation between the anti- 
hemolysin titer and the clinical picture, caused Whitby to conclude that 
the response to antigen is a highly individual reaction. 

The clinical results of Smith,^® who used Wellcome toxoid in twenty 
cases of recurrent furunculosis, Avere less encouraging than the results 
of previous workers. Similarly to the results of "Whitby, there Avas no 
correlation between antihemolysin titer and clinical results. 

3. Pasteur Institute toxoid: A considerable amount of laboratorj’’ 
and clinical AA'ork Avith staphjdococcus toxoid Avas done b3’- the French 
AA'orkers Ramon, Bocage, Riehau, and Mercier of the Pasteur Institute 
in the hospitals of Paris.^®'^^ Thej' believed that the clinical .success of 
toxoid treatment Avas directly related to the degree of antigenicity of 
the staphylococcus toxin, from Avhich the toxoid is derived. The anti- 
genicity of the toxin Avas tested by the fiocculation method applied bj' 
Ramon^- in testing diphtheria toxin. Several strains of staphylococci, 
including one freshly isolated from the blood of a patient with septi- 
cemia and another from a case of furunculosis, AA^ere used in the 
preparation of their toxoid. For detoxification, 0.3 to 0.5 per cent 
formaldehyde Avas used. This toxoid has been used bj' Ramon, Bocage, 
Riehau, and Mercier in oA’er 2,000 eases of various staphjdoeoceal infec- 
tions. The usual coiu’se consisted of 0.1, 0.25, 0.5, 1.0, and 2.0 ml. in- 
jections given at five-day intervals. Of 1,000 cases, mostly multiple and 
recurrent furuncles and carbuncles, there was rapid reeoA'ery in at least 
90 per cent. Wiien the funiucles were treated at the onset, they did not 
suppurate, and dried out Avithin three to five daj’^s. Extension of 
fuimneles in cases of multiple furunculosis usually stopped after tAvo, 
and not more than three, injections. Having folloAved manj'^ of the cases 
for about four years these workers observed recurrences in only about 
10 to 15 per cent of the cases. This toxoid and other similarly prepared 
toxoids were used Avidely by numerous French and other European 
Avorkers. 
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Tzanck, Klotz, and Negrcaiux” Ivcatcd fift.y-six patienis with various 
stapliylococcal infections, ivith only three failures. 

Excellent results were reported hy Simon,"** Debre, Bonnet, and 
Thieffry,*® Deeoulx and Patoir,*'* Laurent and Tardy,*' Gate, Guillei'el, 
and Chanial,*® Ungercr,*® kloulier,'*'' Sonpaull, and Levy-Bruhl and 
kloulier,®* and many other workers, listed in the work of Ramon and 
co-workers.^® 

Using the same preparation and technique, Riou and Bigot®- treated 
at Tonlrin, 126 patients with staphylococcal infections with satisfactoiy 
results; those suffering from furunculosis usually liad numerous lesions. 
One of these patients had had 376 boils and another 283. Both patients 
were greatly relieved after two injections and apparently cured after 
three. 

Nelis,®® and Nelis and van klechelen of Belgium®* treated sixty-five 
eases of furanculosis among miners, nuth ten injections of the same 
toxoid; fifty-seven of the sixty-five patients recovered rapidly. 

Nelis and Pierard®® treated a total of 300 patients and I'cported ex- 
cellent results. 

In Italy, Caminiti®® and Perogallo®' treated furuncles, general ab- 
scesses, and axillary abscesses with satisfactory results. 

Similar reports came from Simitch and Bjourichiteh®® in Belgrad, 
Brack in Sweden,®® and Montant and Dernaz in Geneva,®® who observed 
that anatoxin produced the best results in axillary abscesses and acute 
and chronic furunculosis. 

Many of these ivorkers used the antihemolysin test as the measure of 
immunity and observed a rapid increase of antihemolysin titer follow- 
ing the toxoid injections. 

Pour to twenty times’ increase in antiliemolysin titer was observed 
by Mercier after a single injection of 0.5 c.c. of toxoid, and four- to 
thirtj^-five-fold increase was produced by a series of injections. 

On the other hand, the antihemolysin titer of patients treated by 
Ramon and his co-workers®® in his early ivork, and by Nelis and his co- 
workers, usually did not exceed 5 units, 2 to 3 units being the average. 
The original titer of their patients usually ranged between 0.25 to 1 unit. 

Thus, numerous and almost consistently enthusiastic reports have 
come from Europe, Canada, and the French Colonies concerning the use 
of formaldehyde toxoid. In all cases it was prepared from the pooled 
toxins of several highly toxigenic strains of staphylococci obtained from 
various sources. Toxoid prepared at the Connaught laboratories and 
the Pasteur Institute was characterized by a high antigenicity, the index 
of which was its binding power -with antitoxin as determined by the 
flocculation test. No information on the antitoxin binding power of 
■Wellcome toxoid was obtained. 

Contrary to these numerous and higlily encouraging results on toxoid 
therapy in various staphylococcus infections from abroad, the reports 
on the use of toxoid in the United States are comparatively few, and in 
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wliich in untreated cases was nsuallj’’ on an average of 1 unit, readied an 
average of 7.6 irnits one week after the fourth injection. This amounted 
to an increase of eight times that of the initial titer. Eighty-one pa- 
tients who had recovered were seen after a period of two to five months 
or more ; in thirteen, relapses had occurred, hut the lesions were usually 
not severe. Eesults in acne "were less encouraging than in other infec- 
tions. 

Using 'Wellcome toxoid, 'Wliithj-^^' obtained encouraging results in 
a group of 200 eases. Of tliese, 117 were cases of furanculosis, some 
eases of styes, some of pustular aenc, sycoses, and other superficial 
staphylococcal infections. Sevent 3 '-six out of 117 patients vnth furuncu- 
losis recovered rapidl 5 ", however, 25 per cent of these had relapses. A 
second course brought relief, but onh- continued monthlj’ doses suc- 
ceeded in preventing further relapses. There was no success in the treat- 
ment of acne and sjmosis. The variability of individual serum responses 
to a set dose of toxoid, and the lack of con-elation between the anti- 
hemolj’^sin titer and the clinical picture, caused ‘^’’hitbj’- to conclude that 
the response to antigen is a higlih- individual reaction. 

The clinical results of Smith,^® wlio used 'Wellcome to.xoid in twenty 
cases of recurrent furunculosis, were less encouraging than the results 
of previous workers. Similarlj’’ to the resxilts of "Whitby, there was no 
correlation between antihemolj’-sin titer and clinical results. 

3. Pasteur Institute toxoid: A considerable amount of laboratoi-y 
and clinical work with staphjdococcus toxoid was done bj’’ the French 
workers Eamon, Bocage, Eichau, and jVIercier of the Pasteur Institute 
in the hospitals of Paris.^°‘^^ Thej* believed that the clinical .success of 
toxoid treatment was directh' related to the degree of antigenicity of 
the staphj’loeoccus toxin, from wliieh tlie toxoid is derived. The anti- 
genicity of the toxin was tested bj- the flocculation method applied by 
Eamon^^ in testing diphtheria toxin. Several strains of staphjdoeocci, 
including one freshly isolated from tlie blood of a patient with septi- 
cemia and another from a case of furunculosis, were used in the 
preparation of their toxoid. For detoxification, 0.3 to 0.5 per cent 
formaldehj'de was used. This toxoid has been used by Eamon, Bocage, 
Eichau, and iilereier in over 2,000 cases of various staph.yloeoecal infec- 
tions. The usual course consisted of 0.1, 0.25, 0.5, 1.0, and 2.0 ml. in- 
jections given at five-day intervals. Of 1,000 cases, mostly multiple and 
recurrent furuncles and carbuncles, there was rapid recovery in at least 
90 per cent. "When the fui-uncles were treated at the onset, they did not 
suppurate, and dried out within three to five days. Extension of 
furuncles in cases of multiple furunculosis usually stopped after two, 
and not more than three, injections. Having followed many of the eases 
for about four j'ears these workers obsei-ved recurrences in only about 
10 to 15 per cent of the cases. This toxoid and other similarly prepared 
toxoids were used vddely by numerous French and other European 
workers. 
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did not expedite the healing of the existing lesions, nor did it i)revent the 
development of new ones. 

Longacre®® used pepsin digest toxoid of Lederle on Ihirly-five cases 
of various staphylococcus infections in the Yauderbilt Clinic, Coltunbia- 
Presbyterian Hospital. The majority were cases of acute and recurrent 
furunculosis. Some of these patients showed an immediate clinical im- 
provement; however, when followed bj' us, most of them developed re- 
currences. There was an average increase of antihemoh’'sin titer in the 
majority of these patients up to 2 to 4 units, however, no correlation was 
found with the clinical results. 

Thus in this country, where the treatment of staphylococcus infec- 
tions has met with small success, we found that tiie toxoid generall}' used 
has been derived b 3 ' fox'malization or pepsin digestion of toxins of a sin- 
gle, or at most two, strains of staphj'loeocci. The lesions from which these 
staphjdoeoecal strains had been isolated were not similar to those in 
which toxoid was being applied therapeuticaUj’-, and the binding power 
of toxoid with antitoxin as estimated by the flocculation test was either 
not tested as in formalin toxoid or was definitely absent as in pepsin 
digest toxoid. 


OUB LABORATORY AND CLINICAL RESULTS WITH LEDERLE TOXOID 


In collaboration with Dr. B. Howes, in 1936, we initiated the use of 
Lederle ’s formalized toxoid in the Vanderbilt Clinic. However, after 
having treated a group of twenty patients suffering from recurrent 
furunculosis, we failed to notice any marked clinical improvement in 
the course of treatment. We found further that the prevention of re- 
currences by this method in about 50 per cent of the cases was no higher 
than that obtained with staphylococcus stock or autogenous vaccine. It 
was also noted that the injections were often followed by a severe local 
reaction and frequently by a systemic reaction. 

Our interest in toxoid' was revived when the modification by the 
peptic digestion method of Parfentjev was introduced. The neutraliza- 
tion of a large proportion of protein bj^ digestion udth pepsin consider- 
ably decreased the nonspecific protein reaction and allowed for injec- 
tions with larger doses of more concentrated toxoid. This studj^ com- 
prised a group of 200 cases of staplij-lococcus infections. The majority 
of these were cases of recxirrent furunculosis, most of which had for- 
merly proved resistant to other forms of therapy. The rest consisted 
of axillaiy abscesses, cases of acute multiple furuncles and carbuncles. 
A majority of the patients were treated with Lederle peptic digest toxoid 
alone. Some patients received a combined treatment with Lederle toxoid 
and autogenous vaccine* and a few were treated with vaccine alone. The 


*A twente:-four-hour culture erovm 911 a 5 per cent human blood slant, isolated 
irom the pallets leshjn, washed with 10 c.c. of physiologic saline solution. This 

approximately 200 million bacteria per cubic centimeter 
groTsrui^ appeared*^ on’^finl!’^^® added. It was stored in the refrigerator until no 
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coui-se of toxoid injections was as follows: On the day following the shin 
sensitivity test, which consisted of a snbciitancons injection of 0.1 c.c. 
of toxoid in 1:100 dilution, 0.1 c.c. of a 1:10 dilution of toxoid was given 
subcutaneously. This was followed at three- to five-day intervals inth 
0.1, 0.25, and 0.5 c.c., and five doses of 1.0 c.c. of undiluted toxoid. In 
another group of cases the .skin sensitivity' test was done with 0.1 c.c. of 
undiluted toxoid and this was followed with 0.25 and 0.5 c.c. and five 
1.0 c.c. doses, the total quantity being 5.85 c.c. In those cases where 
recuri-ences developed continuously' despite injections, the treatment was 
continued for a longer period of time, depending upon the individual 
case. Those ca.ses in which recurrences came following the completion 
of a series of injections were given a second, a third, and in some cases 
even a fourth series of injections. 

The sera of all patients were tested for antiliemolysin titer prior to 
the initiation of tlie course of injections. Tlii.s testing of sera was re- 
peated after the fourth and .seventh injections and in .some patients from 
two wcelvs to one month following the completion of the series. AVhen- 
ever recurrences developed the serum was tested before initiating a new 
course. The sera of many patients were .sent to the Lederle Laboratories 
where they were tested for antileucocidin titer, and wherever the quan- 
tity' was sufficient, mouse protection tc.sts were performed. 

Out of the entire group, we are presenting only the results of those 
cases in which the patient received a complete course of toxoid injections 
and those which we were able to follow up for a period of three months 
to two years. The results are shoAvn in Tables I to IV. 


Tabi.e I 

RESULTS With Ledehle Toxoid Showing the Pekcentage of RECunnEXCES in the 
Two Main Catecobies of Teeat.’ment 


totals 


becckrences 


PEK CENT 
EECUPvRENCES 


Recurrent furunculosis 




Lederle toxoid 

80 

■ 49 


Lederle toxoid and vaccine 




Vaccine alone 




Axillary abscesses 

18 



Lederle toxoid 

13 

9 

69.2 

Lederle toxoid and vaccine 

5 

2 

40.0 


Table II 

Results With Lederle Toxoid Shoiving the Lack of Correlation Betiveen the 
Rise of Antihemolysin and Antileucocidin and the Clinical Result 


CASE NUMBER 

antihemolysin 

1 antileucocidin 

before 

AFTER 

1 BEFORE 

AFTER 

1 

3u 

lOu 



2 

In 

6u 

0.32 


o 

O 

l.ou 

8u 



4 

2u 

4u 


0.64 

5 

<lu 

In 

O.Io 

0.2 

6 

Ou 

8u 

0.04 

0.32 


recurrences 


+ 

0 

+ 

+ 

0 
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CDIXICAL ItlCSULTi? 

Sonic cases showed iinniediate clinical iniprovcmoiU; Iiowevcr, lliose 
occiuTcd in an earlier series and were very rare ainonfj; (he palienls of 
the later group. 

There were also mauy recurrences during the cour.se of iniections of 
Lederle toxoid. Thus, out of eighty patients witli recurrent furunculo' 
sis, forty-nine developed reeurrenecs. Of these, forty-one liad recur- 
reiices following at least three injections; in twenty there were multiple' 
recurrences. The percentage of recurrences of axillary alisccsses treated 
with Lederle toxoid was very similar. Tliose treated Avith toxoid and 
vaccine gave about the same percentage of recurrences. There were no 
recurrences following tlie treatment with Lederle toxoid among five pa- 
tients Avith acute multiple furunculosis and tA\-o Avitli carbuncles. 

SERUM ANTlHEjMOLVSIK TITERS IN RECURRENT FURUNCULOSIS 
TREATED WITH LEDERLE TOXOID 

The antihemolysin titer before tbe initiation of treatment in the ma- 
jority of recurrent furunculosis ranged from <1 to 1.5 units. After a 
series of seven or more injections, there occurred in onc-lialf of the 
cases, a rise in titer to betAveen 1 to 2.5 unit.s, AA'liile in the other one-half 
it reached 3 and rarely 4 to 10 units. Thus, in only one-half of the 
'cases did the titer reach 3 units, the lei'cl aaOucIi, according to Ramon 
and his eo-Avorkers, affords a certain degree of protection. 

A smaller number of antileueoeidin and mouse protection tests Avere 
carried out,*' but there Avas no apparent consistency in the correlation 
of those tests either Avith the rise in antihemolysin titer or in clinical 
results. 

SKIN SENSITIAUTV AND POLYSACCHARIDE TESTS 

When the skin sensitivity test AA'as nui Avitli a dilution of 1:100 of 
toxoid, a reaction was lacking or negligible before, during, or folloAving 
the injections. 

When, hoAvcA^er, the skin sensitivity test Avas run AA'ith undiluted tox- 
oid, the reaction during and folloAving the end of treatment usually Avas 
more marked than before the treatment started. This seems to indicate 
a groAA'ing sensitivity to intracutaneous injections of toxoid during treat- 
ment. 

Along AAuth skin sensitivity tests, before and after injections, Juli- 
anelle’s polysaccharide test Avas tried on tlie patients. HoAvever, the 
results Avere almost ahvaj^s negatiA^e and shoAved no correlation Avith an 
increase in the antihemolysin titer or AAutli i-ecovery. 

CLINICAL AND LABORATORY RESULTS AAUTH CONNAUGHT TOXOID 

The results obtained in recurrent staphylococcus infections Avith 
Lederle toxoid, both formalized and pepsin digested, being imsatisfac- 


•In the Lederle laboratory under the supervision of Jliss Frances Clapp. 
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Table HI 


Results "With Connaught Toxoid Showing the Number and Percentage ok 
Eecurrences Correlated With the Antiiiemolysin Titer in 
Recurrent Furunculosis 


CASE 

NUMBER 


RECURRENCES j 

NOTES 

BEFORE 

TOXOID 

.iVFTER 7 OR 
MORE IN- 
JECTIONS 

DURING 
COURSE OF 
TREAT- 
MENT 

WITIHN 1 

tear 

AFTER 

TREATMENT 

1 

lu 

8u 

0 

0 

Recur, after Lederlc toxoid 

2 

2u 

- 

0 

0 

Recur, after Lederle toxoid 

3 

lu 

8u 

0 

0 


4 

<lu 

6u 

+ 

+ 


5 

lu 

- 

+ 

0 


6 

lu 

- 

+ 

0 


7 

lu 

lu 

0 

0 


8 

2u 

4u 

+ 

0 


9 

lu 

4u 

+ 

0 


10 

1.5u 

8u 

0 

+ 


11 

1.5u 

4u 

0 

0 


12 

. <lu 

- 

0 

0 


13 

2u 

- 

+ 

0 

Diabetes 

14 

<lu 

6u 

+ 

0 


15 

2u 

3u 

0 

0 


16 

Su 

above 8u 

+ 

+ 

Diabetes 

17 

<lu 

4u 

0 

0 


18 

lu 

6u 

0 

0 


19 

lu 

- 

■f 

0 


20 

4u 

8u 

0 


Recur, after Lederle toxoid 

21 

lu 

6u 

0 

0 

Recur, after Lederle toxoid 

22 

1.5u 

2u 

0 

0 


23 

lu 

- 

0 

0 

Recur, after Lederle toxoid 

24 

2u 

- 

0 

0 

Recur, after Lederle toxoid 

23 

lu 

lOu 

+ 

+ 

Recur, after Lederle toxoid 

^0 

lu 

- 

+ 

+ 

Single mild rec. in 1 






month, none afterward 

27 

<lu 

12u 

0 

0 


28 

lu 

5u 

0 

0 


29 

lu 

6u 

0 

0 


30 

<lR 

4u 

0 

0 


Total 

30 

21 

11 (31.7%) 

6 (20%) 



tory and inconsistent with, the beneficial results reported by other 
workers, we felt that a similar study should be made with a toxoid yield- 
ing more favorable results in other hands. 

Dr. Farrell very generously supplied toxoid made in the Connaught 

aboratories in Toronto. This had been successfully used by Dolman^®* 
and by Gilchrist and Wilson.®^ With this material, data have been ob- 
tained on an additional group of sixty-five patients. 

The toxoid was given subcutaneously at five- to seven-day intervals. 
First dose of 0.05 c.c. was followed by 0.1, 0.15, 0.2, 0.25, 0.3, 0.4, and 
finally 0.5 c.c. for a total of 1.95 c.c. In the case of recurrences another 
series was given. Out of sixty-five patients treated, we are presenting 
only a group of forty patients, who received at least seven injections of 
toxoid and could be followed for at least one year. Of this group there 
were thirty eases of recurrent furunculosis and ten of recurrent axillary 
abscesses, alone or* in combination with general furunculosis. From 
the accompanying Tables III and IV it is seen that recurrences during 
the course of the toxoid injections occurred in sixteen cases. However, 
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Table IV 


Eesults With Connaught Toxoid Sho-wino the Nujibee and Pebcentaol or 
Eecurrences Correlated With the Antihemolysin Titer in 
Axillary Abscesses 


CASE 

NUMBER 

antihemolysin titer I 

' RECURRENCES j 

! 

NOTES 

before 

1 TOXOID 

; AFTER? 

OR MORE 
IN- 
JECTIONS 

during 

I COURSE OP 

treat- ' 
ment 

WITIHN 1 
Y'EAR 
AFTER 
TRILVT- 
MENT 

1 

lu 

2u 

0 

+ 


2 

2u 

4u 

+ 

0 


3 

2.5u 

4u 

+ 

+ 

Recur, alter licflcrlc toxoid 

4 

<lu 

- 

+ 

0 


5 

<lu 

4u 

0 

0 


6 

1.5u 

lu 

+ 

+ 


7 

lu 

6u 

0 

0 

Recur, after Lederle toxoid 

8 

lu 

- 

0 

0 


9 

3.5u 

5u 

0 

0 

Recur, after Lederle toxoid 

10 

<lu 

1.5u 

+ 

0 


Totals 

10 

S 

5 (50%) 

3 (30%) 



after the end of the treatment there were only nine recuiTences, which 
occurred within one year of the foUow-nii. Ten of the patients had 
been previously treated unsuccessfully with Lederle toxoid. Of these, 
seven recovered following the injections of Connaught toxoid. The dif- 
ferences between the percentages of recurrences for the Lederle and 
Connaught toxoids are statistically significant in favor of the Con- 
naught toxoid. 

Out of twenty-nine cases in which the antihemolysin titer was tested 
prior to and follomng a series of seven or more injections, twenty-three 
had 4 units or higher. In general, the serum of the patients who 
recovered was characterized by a high antihemolysin titer. However, 
there were exceptions in which recurrences developed in spite of the 
high titer of the antihemolysin; while in some other cases the recovery 
was complete in spite of the fact that the antihemolysin titer was below 
3 units.' 

The data on the antileucocidin titer of the sera of the treated patients 
indicate that, although there seems to have been a slight increase follow- 
ing the treatment, there was no con’elation with antihemolysin titer or 
udth the clinical results. However, having complete data on only nine 
patients, we feel that more work should be done in order to make a defi- 
nite assertion on this point. 


DISCUSSION 

The problem of recurrent staphylococcus infections in the form of 
furuncles and carbuncles frequently plagues tbe general practitioner 
and the surgeon. It is well Imown that certain individuals are gen- 
eral]}^ resistant and others generally susceptible to infections. Others 
who have been resistant suddenly become susceptible. No reliable test 
has been discovered to measure either the resistance or the susceptibility 
to staphylococcus infections, although many attempts have been made 
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to find .siicli a lest. Normal individuahs do not liave a liitrli anlihemolysin 
titer and there must be some oilier element of immunity wliieli is re- 
sponsible for natural resistance, lilany immunologists believe that it 
resides in the phagocytic power of the leucocytes, hut lliis cannot he 
consistently demonstrated. 

AVhen a staphylococcus infection becomes c.stalilislied in tlie .skin, lo- 
cal recurrences in the ncighhorhood suggests that the organisms get out 
of the original lesion and get into ncigiilioring ])ores. Recurrences can 
be minimized by precautioms taken by the jiatient (3) to avoid contact 
with the lesion by his hands, (2) to wash the hands frequently, and (3) 
to avoid rubbing or scratching in other areas. 

The lesions themselves can frequently be aborted or their course short- 
ened by the local in.i'ection of either penicillin or potent staphylococcus 
bacteriophage, and the inhibition of bacterial activity by these agents 
rendei's the organisms discharged from the lesions onto the surrounding 
skin le.ss likely to gain a foothold if rubbed or scratched into other areas 
of the skin. This has been demonstrated in many of the case.s included 
in this series. Neither iicnieillin nor bacteriophage, however, has any 
influence on the resistance of the individual to subsequent recurrences 
if there is a fi-ee interval of time after the complete subsidence of the 
initial infection. Therefore, the problem of building up a resistaJice to 
subsequent infections is of veiy gi'cat importance and must bo met in 
some other wa}’-. 

Carefid analysis of the laboratoiy and the clinical data on staphylo- 
coccus toxoid collected b.v numerous workers, together with our own ob- 
servations, have revealed certain factoid which we feel may lielp prac- 
titioners and surgeons in the solution of this problem. 

Favorable reports came out of Canada where Connaught Laboratoiy 
toxoid was used, and out of many European countries where toxoid 
prepared at the Pasteur Institute of Paris has been used. These toxoid.s 
were formaldehyde-detoxified pooled toxins of a number of toxigenic 
staphylococcus strains, obtained from a vai’icly of lesions. Conse- 
quently, toxoids used in both Canada and Europe possessed multiple 
antigenicity. In the prepai’ation of these toxoids the workers realized 
the importance of using strains isolated from lesions similar to those 
being treated. These .strains produced strong leucocidin, which is char- 
acteristically associated ndth acute and .severe infections. The criterion 
of potency of both products was a high binding power with antitoxin, 
which was found by many workers to be closelj^ related to the antigen- 
icity. This was determined by the flocculation method. 

The clinical result.s obtained with 'Wellcome toxoid in England, al- 
though encouraging, seem to be on the whole less favorable than those 
obtained with Pasteur and Connaught toxoid. The description of their 
method of jireparation did not disclose whether it included any strains 
from furunculosis or similar lesions, which produced high leucocidin. 
Neither was the toxoid tested for its binding power with antitoxin. The 
importance of the criteria of potency as applied by the Preneh and 
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Canacliau workers in toxoid preparation such as multiple aiitiiieiiicity, 
liigh binding power witli antitoxin, and consequently a rapid antibody 
production in vivo, becomes apparent when wo anjilizc the toxoid wliich 
was used witli discouraging results. Kindcl and Costello, Conibleet 
and Hattner, Buebman, Lonuacre, and we ourselves in tbc first group 
of cases used toxoid in which at least two of these criteria were not ful- 
filled. Toxoid was iircpared from one, or at most from two, strains. 
Pepsin digest toxoid of Lederle pos.sessed no binding power for anti- 
toxin. The antigenicity was apparently not high, since of a group of 
six patients treated by Dr. A. Coca at the Lederle Laboratories, only one 
“who had an average of seven iipieetions of toxoid, reached an anti- 
hemolysin titer of 4 units, the remaining five reaching a maximum of 
2 units.’’®® Similar titers were obtained following seven injeetions in 
our gi’oup of patients treated with Lederle pepsin digest toxoid. A 
desire to eliminate nonspecific protein reactions, local as well as systemic, 
led to the inti-oduction of the pepsin digest process for the conversion 
of toxin into toxoid. Apparently, however, the pepsin dige.stion resulted 
in a decrease of the antigenicity of toxoid for human beings although 
the antihemolysin titer in rabbits did not significantly differ from the 
one produced by the formalized product. Besides, the persistence of 
a still significant local reaction seems to indicate that although prac- 
tically all the protein was neutralized by digestion nith pepsin, an in- 
complete detoxification occurred. This is shown by the appearance of 
hemolysis of rabbit blood cells after overnight standing and an ex- 
tremely sevei'e reaction ivlien toxoid containing Lyons’ strain, which 
produced strong leucoeidin, was included in the preparation of toxoid. 

As to the mechanism of the action of toxoid therapy ; Is its role only 
to stimulate the production of antitoxin against hemolysin, leucoeidin, 
and dermoneerotizing toxin 1 

Undoubtedly the production of antitoxin is an essential factor in in- 
ducing immunity. This has been shown by many animal experiments 
in which protection against living staphylococci was attained by toxoid 
in.iections but not by vaccine injections. 

Toxoid also contains nonspecific proteins which may induce a reaction 
similar to the nonspecific protein shock therapy. 

There are also nonspecific defense factors of the body, particularly 
phagocytoses, which were reported to have been stimulated by the in- 
crease of antitoxin to the blood. It should also not be forgotten that 
toxoid contains bacterial antigens stimulating the production of bac- 
leriotropins, agglutinins, and bacteriolysins. 

However, if these bacterial antibodies are to be of value in combating 
the causative organisms, they must be stimulated by a strain closely re- 
lated to that prodneing the lesion. In testing bacteriophage sus- 
ceptibility of staphylococci isolated from various lesions, we have found 
that strains possessing the same morphologic and biologic characteristics 
differed in their phage susceptibility according to their source and the 
duration of infection. 
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Thus staphylococci, isolated from acute osteomyelitis, Avere more sus- 
ceptible to phage than those of chronic osteomyelitis. The stapliylococci 
causing conjunctivitis or sinusitis displayed only partial susceptibility to 
phage, while staphylococci isolated from acute infections such as funm- 
culosis or septicemia were completelj’’ susceptible in 95 per cent of the 
eases. HoAvever, if phage Avas adapted to one strain from a case of 
sinusitis it was often found to become completely effective against the 
majority of strains from similar lesions. The same Avas found to be time 
Avith cases of conjunctivitis. It is our belief, folloAving these observa- 
tions, that in order to be effective against one or another tjT>e of infec- 
tion, toxoid should neeessarilj’’ include toxigenic strains of bacteria 
isolated from lesions similar to those being i.reated. It is possible that the 
success of Thygeson in the toxoid therapj" of chronic blepharocon- 
junctivitis might be partially attributed to a closer antigenic relation- 
ship betAveen the strain used in toxoid preparation and the strains 
causing this infection. It might also be attributed to the production by 
the Wood strain of a poAverful hemolj’sin, AA^hich is likely to be charac- 
teristic of staphylococci causing this infection.^®- 
The antibacterial body antigen AA’hich is comiAaratively scarce in toxoid 
might be better supplied in the form of vaccines. Analysis of clinical 
results obtained Avith staphylococcus pepsin digest toxoid in the Vander- 
bilt Clinic have shoAvn that the therapeutic effect of this preparation was 
unsatisfactory. Considering that a certain percentage of patients Avith 
recurrent furunculosis recover spontaneously, the recurrences in forty- 
nine out of eighty cases of recurrent frarunculosis and in nine out of 
thirteen eases of axillary abscesses seem to be indicative of the lack of the 
therapeutic value of that toxoid. This conclusion seems to have been 
further supported by the uninteiTupted recurrences during treatment 
in many of the cases. An increase of the skin reaction folloAAung the 
course of injections of toxoid seemed even to indicate an increased 
sensitivity to toxoid, Avhich Avas possibly caused by the modification of 
protein by pepsin digestion. 

Furthermore, Ave feel that in spite of a frequent correlation of high 
antihemolysin with clinical success, it is not the antihemolysin titer 
Avhich determines the state of immunity, but rather that an increase 
in antihemolysin parallels a raise of antileucocidin, Avhich is the 
more important factor in immunity against staphylococci causing 
recurrent furunculosis. Unfortunately, hoAvever, the present technique 
of the antileucocidin test as described by Valentine does not allow clear- 
cut results. A certain amount of destruction of the leucocytes, due 
to manipulations in obtaining a concentrated leucocyte suspension, makes 
the microscopic interpretation of the results extremely difficult and un- 
certain. A simple test, perhaps on the line of the Parker Weld^® leuco- 
cyte agglutination test, might be used for the measurement of the anti- 
leucoeidin power. 
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It lias been the experience o£ many ivorkers that clinical success in 
staphylococcus infections is most frequently associated with a sharp and 
immediate rise of antihemolysin titer, rather than a slow prolonged 
course in reaching the same level. We feel that in those cases where a 
very slow rise of blood titer necessitated a prolonged treatment, along 
with an increased immunity to exotoxins, there may have developed a 
hj^persensitivity to bacterial proteins. 

SUMMARY 

1. The treatment of ninety-three patients with recurrent furunculosis 
and axillary abscesses with Lederle’s pepsin digest toxoid resulted in a 
complete recovery of only 38 per cent. In the other 62 per cent, recur- 
rences developed within one year after the end of the treatment. 

2. Of the seventy patients who received at least seven injections of 
Lederle’s pepsin digest toxoid, the antihemolysin titer in fifty -two cases 
(74 per cent) ranged between 1 and 3 units and in eighteen (26 per 
cent) it was between 3 and 10 units. 

3. Out of forty patients with recurrent furunculosis and axillary ab- 
scesses treated with Connaught toxoid, complete recovery occurred in 
thirty-one (78 per cent). Nine others (22 per cent) developed recui*- 
rences within one year after the end of the treatment. In five of the 
cases the recurrences were milder than prior to the treatment. 

4. Of twenty-nine patients tested follovnng seven or more injections 
of Connaught toxoid, the antihemolysin titer of the sera in twenty-three 
(79 per cent) ranged between 4 and 12 units; only in six (21 per cent) 
was it 3 units or less. These are statistically significant differences. 

5. The antihemolysin test is not a strict measure of immunity, for there 
are exceptional cases in which the patient has a rise in titer and has re- 
currences, and others who have no rise and yet seem to be eured. 

7. There may be some other immune factor which does not run strictly 
parallel with the antihemolysin titer Avhich is of major importance but 
cannot be measured. 

CONCLUSIONS 

Staphylococcus toxoid, made from toxigenic strains, is able, by means 
of repeated injections, to increase the antihemolysin titer of the blood 
and to lessen significantly the incidence of recurence of furuncles and 
carbuncles. 
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PLASTIC SURCERY IN RECONSTRUCTINC 
ENLARGED BREASTS 

OxK-STAfiE JlASTOl’EXy 

Edward S. Lajioxt, jM.D., Hollywood, CALir. 

(From Ihc nivition of Flaslic Surfirry, Cfdnrn of Lebanon JJoxpital) 

T he plastic suvoeon is often called npon to reconstruct enlarged 
and deformed In-easts. With such deformity, aside from mental 
embarrassment, the patient suffers from physical disability. Tlic 
posture is poor, tlic .shoulders are rounded, shoulder strap marks are 
painful, and the excess weight of the breasts enervates the individual. 

Numerous papers have reviewed tlic literature and discussed the 
evolution of the surgical methods.*' "• ' It is our purpose to evaluate 

the end results of several procedures so that their applicability to the 
specific ease may be .iudged. Two factors must be tborougbly under- 
stood in order to aiipraise the method of ap]iroaeh: (1) the anatomy 
and physiology of the breast and (2) the type of deformity and 
pathology involved. 

SXJRGIC.\L AKATOMY AKD PHYSlOEOrA’ 

Embryology . — Early in the development of many mammals a slight 
ectodermal ridge appears along the side running from the axilla to the 
groin. As the embryo develops these ridges disappear into a series of 
pyramids, each forming a slight elevation and constituted of ectodennal 
cells. These are the anlagen of the future mammary glands. In the 
human being, they are always in excess to the number of mammary 
glands normal to the species. However, should an extra one persist, a 
supernumerary breast occurs, while if there is a suppression of all these 
anlagen, there is an absence of the mammary gland. Should a sup- 
pression occur on one side, then only one normal breast will develop. 

The mammary gland may be regarded as analogous to the sweat gland. 
Commencing as a stalklike growth in the derma, it envelops its way in- 
to the superficial fascia. It then develops several branches which extend 
in various directions, push deeper, and finally rest on the covering of 
the pectoralis major muscle. Most of the fat, therefore, comes to lie 
between the glandular structure and the skin. Thus, in early youth the 
breast is shaped bj^ the adipose tissue. 

Blood Supply. — Superiorly, the mammary gland receives its circula- 
tion from the axillary artery which gives off the pectoral branch of the 
acromial thoracic artery at the inner border of the pectoralis minor 
muscle. It descends between the pectoralis major and minor, anas- 
tomosing with the intercostals and the long thoracic artery. Medially, 
the breast is supplied bj* the perforating branches of the internal 

Presented in abridged form in conjunction with colored surgical motion nlc- 
tures at the Los Angeles County Medical Association, May 11, 1944, 
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a. D. 

Fig. 1. — One-Stage Mastopexy With Transposition of the Nipple. . . . Author’s 
Modi^ation; A aad C, Fendulous breasts with enlarged areola. The type of 
deformity and youth, of the patient make this case ideal for the method. B and Z), 
Symmetry of the breasts, the desired anteroposterior dimensions, the required 
areolar size, and the normal position of the nipple have been attained. The func- 
tional physiology is undisturbed. The inverted T-shaped scar blends with the 
breast contour. 
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fatty "lobules. Connective tissue surrounds each duct. The fibrous 
tissue al.so forms a support for the Idood ve.ssels, lymphatics, and 
parenchyma. In a lactatin" brca.st the "land structure enlayses: in turn 
the fibrous tissue stretches to accomodate the increase. There is a loss 
of fat and, consequently, a tendency for the breast to increase in size 
and become pendulous followiii" this ])hy.siolo"ie jiroec.ss. 


nVAI.UATION OF TflK DFrOUMlTV 

EtioJofnj . — Several factors may contribute to breast enlargement. Of 
these, heredity stands foremost. Pregnancy and lactation undoubtedly 
serve to distort breast contour. However, it is not uncommon to see 
many multiparae with one or even several children who have retained 
small contoured breasts. 



Fig. 2. — One-Stage Mastopexy ' JVith Transposition of the Nipple. . . . Avthor’s 
Modification: A, Enlarged, asyninietiical bieasts with the riglit bieast extending 
.314 cm. lower than tlie left. This type of asjTnmetiy i.s not uneommon. , It, The 
breast has been surgically reconstructed and the function retained. 


Improper support may serve as an element in stimulating pendulous 
breasts. The binding bra.ssim'e often acts to increase the ptosis. Lack 
of reasonable support during and after pregnancy may allow the breasts 
to prolapse premanently due to their excess weight. 

Endocrine disturbances often lead to lax, pendulous mammarj^ glands.^ 
Mechanism of the Deformity . — ^ilany patients with hjqtertrophied, 
pendulous breasts present a historj' of steady gradual enlargement 
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dating from puljcrty. Those cases with small saclikc do])endent breasts 
nsually elicit a history of their occurrence following pregnancy or exces- 
sive weight reduction. In these latter cases, there has been little absolute 
increase in fatty tissue, but rather an elongation of the irbindular stalk, 

A. 



O. D. 


Tig 3 . — One Stage Haslopexy With Transposition of the ^ipjiU . . . Aiithoi ’s 
Modification : A and. C, Pendulous breasts ^\lth huge areola. The patient presented 
poor posture, lounded shoulders, deep red shoulder strap marks, and gieat mental 
embarrassment. S and Z), Patient returned to i\ork' in three ueeks and photograplis 
uere taken six uceks after surgerj. 
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allowing the breast tissue to descend lower on the thorax with resultant 
stretching of the skin. 

Measwements . — Numerous methods of gauging the new location of 
the nipple and breast have been evolved. Tliese techniques have been 
well described® and the specific choice will depend upon the individual 
surgeon. Kegardlcss of the procedure employed for measui’cments, the 
position of the nipple and breast Avill vary depending upon the size 
of the individual and the deformity cncounlcrcd. 

It is important to place the breast up to its theoretical position in 
order to gauge the new nipple location and the amount and areas of 
breast tissue to be remoA'cd. The reconstructed areola should not be 
created too small and its size should coincide with the newly constructed 
breast. 



Fig. 4. — Illustrations Depicting Author’s Modification of the One-Stage Mas- 
topexy : A, The lines of incision have been carefully measured and marked, indicat- 
ing the new position of the nipple, the amount of areola to be transferred, and the 
size of the skin flaps. B, The skin is undermined in a thick flap. The nipple and 
its required amount of areola are left attached to the completely denuded breast. 
Triangular wedges of tissue are marked off to be resected with respect to the cir- 
culation. A circular button of skin is excised to create the new nipple site. C, The 
wedges of breast tissue are resected, removing the required amount that will allow 
the reconstruction of a breast with the desired size, shape, and symmetry. D, The 
breast tissue is united with silk and the upper pole is fixed to the pectoral fascia 
over the second rib with heavy- silk sutures. E, The areola is sewn into its new resi- 
dence. The skin flaps are so cut as to adjust themselves to the new size, eontour, 
and position of tlie breast. F, The wound edges of the inverted T incision are sewn 
with interrupted silk sutures. 
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Classification . — rJillics and Jlclndoc^ have classified ])rcast hyper- 
trophies into the following types: 

1. Long heavy pendulous lu’casts with iiypertrophy of the 
most dependent glandular portion. This type ])roha1)ly is a 
resultant of both endocrine and congenital causes. 

2. Broad, heavy breasts associated with obesity and exacer- 
bated by pregnancy. This tyi)e, too, may be both endocrine and 
congenital. 

3. Saclike dependent bi-ea.sts which may follow obesity reduc- 
tion, multiple pregnancies, or age. 



-• 1 . B. 

Fig. 5. — One-Stage Moitopexy Tfitli I'raneposilwn of the Nipple . . . Author'^ 
Modification: .4. This patient, para iii, referred for surgery by lier interni'-t, 
suffered from mental embarrassment. J7, This proved an ideal ea«e for surgery, 
from both the standpoint of cooperation of the patient and the x>^yehologic result. 

4. True gynecomastia, with marked hypertrophy of the 
glandular elements of the breast resulting in enormous enlarge- 
ment. 

5. Asymmetry, which may vary from complete suppression 
of one breast to normalcy of one and excessive enlargement of 
its partner. 

SL'KGIC.AL METHODS 

During the last half century, various surgical procedures for masto- 
pexy have been described. The evolution of surgical techniques has been 
classically reviewed by Thorek.® As the metliods of procedure ad- 
vanced. the operation for mastopexy developed from merely a removal 
of' excess skin to a complete reconstruction of the breast. Lintil the 
last two decades, the method had one common defect. The breasts were 
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made somewhat smaller, bul contour, symmetry, and shaiie wci-e ignored. 
Often the proeedures utilized Averc ap]ilicahle Jor reconstruction of 
smaller hicast deformities only. When large iiendulous breasts Avere 
encounteicd Avith third degree ])tosis, Iaao and three stages A\-cie required 
and the results AA-ere often found AA-antmg. 

A. Jf. 



C. D 

Fig 0 — One Stage Maitopcxy lYith Transposition of the Xtpple . . . Author’s 
Moihfxcation: A and C, Enlarged asj mmetneal breasts associated nith poor posture 
and marked pli\sical discomfort; iiara i, Aiith functional breasts, JS and n, 
UeLonstruLtion of the breasts and tiansposition of the areola Mitli letention of 
pliA'iologic function Patient has rccentlj had a second child 
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"We believe that no single surgical method should be applied to all 
eases, hut rather the surgeon should vary the approach with the existing 
deformity. 

Me divide the surgical methods into three categories : 

1. Onc-Si(uje Masiopco'u ^y^ih Transposilioit of the Nipple: 
]\rodified after Joseph, Lexer, Kraske, Noel, Beisenberger, 
Sclnvartzman, Gillies, and Mclndoe. (Figs. 1 through 9.) 

2. Tivo-Stage Mastopexy ^Yitll Nipple Transplant : Modi- 
fied after Thorek and Updegraff. (Figs. 10 through 13.) 

3. Two-Stage Mastopexy With Transposition of the Nipple: 
Modified after Morestin, Villandre, Lotseh, Passot, Axenhausen, 
and Defei’montel. (Figs. 14 through 16.) 





A. B. 

Fig. T.-^ne-Stage Mastopexy With Transposition of the Nipple. . . . Author’s 
Modification: A, Pendulous lij’pertrophied breasts with excess fatty tissue causing 
physical debilitation. B, The scars following surgery are longer in this case because 
of the initially large breasts. 


SURGIC.\L. TECHNIQUE 

One-Stage Mastopexy With Transposition of the Nipple 

The one-stage operation with transposition of the nipple ma 3 " be used 
in the majority of patients with enlai-ged, h^'pertropliied breasts. The 
method allows for breast reconstruction with the de.sired symmetry, size, 
and shape An conjunction ivith retention of its functional physiology. 

Author’s Modification . — The patient is placed on the table in a 
semi-Fowler position with the arms akimbo. The anesthesia is usuallj’’ 
intratracheal. 

The lines of incision which have been carefully measured and marked 
the previous day are remarked. The initial incision is circular ai'ound 
the areola. From the center edge of this incision another is made 
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A. B. 

Fig. 8. — One Stage Maetopexy TVith TransposiUon of the Nipple. . . . Author’s 
Modification: A, Long, heavy, pendulous breasts in a joungei woman, probably of 
congenital and endocrine origin. The ptosis resulted in mental and phjsical discom- 
fort. B, Surgical reconstruction with the cross of the inverted T incision nell con 
cealed by the normal position of the lower pole of the breast, while the handle of 
the incision may be seen running from the areola downward. 



A. B. 

Fig. 9 . — One Stage Mastopexy TVith Transposition of the Nipple. . . . Author’s 
Modification: A, Because of the marked hypertrophy, this case may ha\e lent itself 
better to a two-staged operation. B, The one-stage procedure proved quite satis- 
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C. 

Fig. 10. — Two-Stage Mastopexy With Nipple Transplant. . . . Author’s Modifica- 
tion After Thorelc: A, MarFed liypertrophy aasoeiated 'with a nonfunctional breast 
necessitated a trvo-stage operation. The surgeon’s discretion is used in choosing the 
tj^pe of two-stage operation to be employed, li, Following careful nieasurement.s 
to ascertain the new position of the nipple and the desired size, contour, and sym- 
metry of the contemplated breast, the former is transplanted to its new residence. 
C, Two weeks afterward, the required amount of breast tissue is resected by re- 
moving triangular wedges. The skin flaps are adjusted, the wound edges are ap- 
proximated in the form of an inverted T and sewed with interrupted .silk sutures. 
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rig. 31. — Two-Stage Mastopexij With Nipple Transplant -lulhor’s Modifica- 

tion After Thorex: A, Generalized breast hypertrophy in a young girl associated 
with nonfunction. The conditions pre.scnl requirefl tw'o-.stago opeiation for recon- 
struction. B, Two montli.s following the .second stage operation: the nipple trans- 
plants have taken well and tlie breasts have been reconstructed to the required size, 
shape, and symmetry. 



A. 


n. 


Fig. 12. — 7'tco-Slagc Mastopexg With Nipple Transplant. . . . Author’s Modifica- 
tion After Thoreh: A, Nonfunctional markedly hypertrophied breasts causing the 
patient great physical discomfort. B, The nipple was transplanted on eitlier breast, 
•and tivo weeks later the required amount of breast tissue was resected. 
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A. B. 


Fig. 13. — Two-Stage Mastopexy With Nipple Transplant. . . , Author’s 'Modifica- 
tion After Thoreh; A, Pendulous nonfunctional breasts in a younger girl. S, 
Photographs taken four months afterward, demonstrating the surgical result. 



A. B. 

Fig. 14. — Two-Stage Mastopexy With Transposition of the Nipple. . . . Author’s 
Modification: A, The nipple with its areola attached to the partially denuded breast 
is transferred to its new position. The upper pole is fixed to pectoral fascia with 
silk. A fortnight afterward, the required amount of breast tissue is resected by 
excising triangular wedges. The skin flaps are cut, adjusted, then approximated 
with silk to form an inverted T. B, Photographs taken three months following the 
second stage operation. 
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A. B. 

Fig. 15. — Two-Stage Mastopexg With Transposition of the Nipple, . . . Author’s 
Modifi^tion: A, The weight of the breasts caused tlie patient great physical dis- 
comfort. These breasts were functionlcss and ideal for a two-stage operation. B, 
Two and one-half months following surgerj'. 



A. B. 

Fig. IG. — Two-Stage MaMopexg With Transposition of the Nipple. . . . Author’s 
Modification; A, Markedly hypertrophied, asymmetrical breasts requiring recon- 
struction. B, Six weeks following surgery. 
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pei-pendiTOlarly upward 1o the new nipple site. The .skin of the l)i'ea.sl 
i.s undermined in a thick flap and the plane of cleavage located. Traxuna 
must he avoided; irentleness is primary or' a loss of .skin flap may occur. 
Oftentimc.s, the skin inay he peeled away fi’om the tissue with the aid 
of a sponge, while in .some cases careful spreading with a scissors in the 
line of cleavage will gain the required result. 

The hreast, entirely denuded of .skin with its nipple and areola at- 
tached, is pi;.shed up to the desired position on the chest. This allows 
the surgeon an opportunity to evaluate the amount and area of hrea.st 
ti.s.sue to he removed. Either two or three triangular wedges of tissue 
extending down to the pectoral fascia are rc.scctcd. The areas are closed 
' hy approximating the walls with silk sutures. 

Following satisfactory reconstruction of the hreast proper, three 
heaAT silk sutures are taken through the pectoral fascia over the second 
rih, carried through the upper poles of the hreast, and the lattei’ is fixed 
to its new position. Sulfanilamide crystals are sprinkled throughout 
the whole area. 

A circular hixtton of .skin previously marked to serve as the new 
location for the areola and nipple is now removed. The skin flaps from 
either side are brought around the hreast, meeting in the center where the 
excess is excised (Fig. 4 E). The suheutaneous tissue is approximated 
and the skin closed with interrupted .silk sutures. A Penrose drain is 
inserted heneath the flaps through either corner of the lower incision. 

The opposite hreast is similarly reconstructed. Care is taken to create 
symmetry and similarity between the two breasts. If the decision is to 
place one nipple slightly lateral, then the other txuxst he ixlaced in a 
comparable location. It requires more time and effort to reconstruct 
two nearly identical breasts, both of desirable shaixe, position, and 
symmetry. However, a pleasing end result always compensates the 
surgeon for his thoroughness. 

The dressing is applied : parresine mesh impregnated with petroleum 
.iellj^ over the wound edges, gauze flats over the breasts, and moderate 
pre.ssure xvith a stockinet bandage. 

Some of the silk sutures are removed at the end of the sixth day, the 
remainder on the eighth day. The hi’assiere is adjusted and used for 
support as the swelling subsides. 

Two-Stage Mastopexy With Nipple Transx>Jnnt 

Oftentimes in a markedly enlarged breast, it may be the surgeon’s 
opinion that a two-stage operation Avith nipple tramsplant is the method 
of choice. Thorek” Avas the first to describe this operation. Modification 
of his original method aaoU depend upon the individual surgeon.’’ 

Author’s Modification. — The circular area Avhich is to be the recipient 
bed for the nipple transplant is carefully measured and marked Avith a 
3 per cent gentian violet solution. FolloAving this circle, an incision is 
made through part of the derma and the skin is dissected free leaving a 
bed for the reception of the nipple and its areola. All bleeding is con- 
trolled. 
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- An incision is nnKle around llic areola following a previously marked 
circle, and tlie structure is dissected free akuosl as a full-tliicknoss graft. 
The ni])ple witli its areola is transferred to its recipient bed and sewed 
in place with interrupted tine silk sutvu'cs. 

A similar procedure is followed on the op])osite breast. A suitable 
pressure dressing is applied. The sutures are removed about tlio tentli 
day when pressure is reapplied and the area is treated similar to a full- 
thickness graft. 

Second Stage. — After two weeks, the secondary procedure is carried 
out under general anestliesia. An incision is made from tlie center of 
the nipple downward; another is run along the undersurface of tlie 
breast {Pig. 4 A). Two thick skin flaps arc ci-eatcd similar to the 
method in the one-stage mastopexy. The required amount of breast 
tissue is resected in the form of triangular wedges. The walls are 
approximated with silk and sulfanilamide cri'stals sprinkled over the 
area. 

The skin flaps are cut and approximated in the shape of an inverted T. 
This allows for the reconstniction of a more sha])ely breast with the 
desired anteroposterior dimensions and conical symmetry. Tlie infra- 
mammary scar is virtually hidden by the lower pole of the breast, while 
the handle of the inverted T shaped scar is not too noticeable. 

Ttvo-Stage Mastopexg With Transposition of the Nipple 

This operation is applicable to excessively large breasts that have 
hypertrophied and retained an abundance of fatty tissue. An attempt 
to reconstruct a breast of this t.-^-pe to a normal size in a one-stage opera- 
tion will usually result in necrosis of the nipple and a l)izarrc breast con- 
tour. Or it may result in a breast that is only slightly smaller with its 
pendulousness retained but now added to it, surgical scai-s. 

Author’s Modification. — Under genei-al anesthe.sia an incision is made 
around the areola retaining the desired amount for transfer. From 
the center of the upper edge of this circle, an incision is carried per- 
pendicularly upward to within one-half incli of the new nipple site. 
Prom tlie lower center of the circle an incision is carried perpendicu- 
lai’ly downward to the inframammary line. Another incision, some 
four inches long, is carried around the inframammary line forming an 
inverted T. Either one or two triangular wedges of breast tissue are 
taken from the upper pole and the walls approximated. The skin over 
the brea.st is undermined in a thick flap to an area just below the 
clavicle. The upper pole of the breast is fixed at tlu-ee points, with 
heavy silk sutures, to the pectoral fascia over the second rib. 

A circular area of skin having been previously marked as the new 
nipple site is excised, and the nipple with its areola is carefully' sewed 
into its new residence. Sulfanilamide eiystals are sprinkled into the 
wound. Tlie excess amount of skin from the apron flap is removed with 
a semicircular incision and the edge sewed to the lower skin flap with 
interrupted silk sutures. A Penrose drain is in.serted high into eithei' 
corner of llic wound. 
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A similar procedure is peii'ormed on the opposite side. Sloderate 
pressure and support are applied ivitli a stockinet bandage. 

Second Stage. A fortnight later, the nipple having gained sufficient 
eireulatoiy support in its new residence, the patient is again submitted 
to surgery. 

The previous line of incision along the inframammarj" region is opened 
and from its center an incision is made upward to the center edge of the 
nipple forming an inverted T. Two thick triangular flaps are then 
created by undermining, thus exposing the right and left poles of the 
breast. Depending upon the amount of breast tissue to be removed, 
either two or three triangular-shaped Avedges are taken, and if neces- 
sary a semicircular section is removed along the inframammary region. 
The Avails are approximated with silk. 

The required amount of sldn is removed both from the center of 
either flap and from its inferior portion. The Avound edges are ap- 
proximated subcutaneously and the skin is scAA^ed Avith interrupted silk 
sutures. A Penrose di’ain is placed in either angle of the Avound. 

A similar procedure is repeated on the opposite side Avith care and 
effort expended to create both breasts of equal size and shape and at 
the same time conical with the required anteropostei’ior dimensions. 
Suitable pressure dressing is applied. 

SUMMARY 

Enlarged and pendulous breasts usually may be reconstnicted in a 
one-stage operation. This procedure alloAvs for both breasts to be "vir- 
tually identical and to retain their physiologic function. The author’s 
modification of this method permits the breasts to be reconstructed to 
the desired size, shape, and contour and results in smaller postoperative 
scars. 

In some cases, depending upon the judgment of the surgeon, a tAVO- 
stage operation may be required. Either transposition or transplanta- 
tion of the nipple may be employed at his discretion. 
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TE.EATMENT OF PUBERTAL BILATERAL GYNECOMASTIA 

Report of a Case 

Raymond E. Buirge, M.D., Leo T. Samxesls, Pi^.D. ,* and 
J. S. McCartney, M.D., Minneapolis, ]\Iinn. 

(From tlw Department of Surgerp, Division of Physiological Chemistry, and 
Department of Pathology, School of Medicine, University of Minnesota) 

INTRODUCTION 

S INCE diffuse enlargement of the breast in the male nnassociated Avith 
tumors of the genital system occurs •with some frequency and has 
been a source of much debate, "we ■were led to study in some detail a 
case of bilateral hyertrophy in a 16-year-old boy. 

On a histologic basis a number of workers^’ - have classified enlarge- 
ments nnassociated with malignant tumors into two classes, true gyne- 
comastia and pseudog 3 mecomastia. The first shows proliferation of 
duets and periductal connective tissue, while the second shows normal 
male breast tissue and is presumed to be due to localized fat deposits 
or to overgrowth of fibrous connective tissue follo\ving injury (chronic 
fibrous mastitis). Any relation of these to endocrine disorders has 
been questioned. 

In favor of endocrine participation is the fact that many of the en- 
largements occur when the male is at the age of puberty or soon there- 
after, without a historj'’ of trauma. In many cases some phases of 
puberty have been delayed. And in a number of instances considerable 
reduction in the size of the breast has followed the prolonged admin- 
istration of androgens,^’ * 

The group of cases described by Klinefelter, Reifenstein, and Al- 
bright® showed bilateral enlargement of the breasts associated •with small 
testes, aspermatogenesis, and little growth of facial hair. There was a 
normal gro^wth of pubic hair and external genitals. The excretion of 
17-ketosteroids was normal to definitely subnormal. In the two cases 
tested, the estrogen secretion was normal. They report no benefit from 
administration of androgens. 

The ease to be described is that of a IG-j^ear-old young man with 
bilateral gynecomastia developing at puberty. In many respects he 
resembled the cases described bj”- Klinefelter and his associates. The 
quantitative changes in volume of the breasts and the 17-ketosteroid 
excretion were followed during a period of intensive therapy -with 
testosterone. 

This Tvork was aided by a grant from the Graduate Research Fund TJniversltv of 
Minnesota. 

Received for publication Aug. 28, 1944. 
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CASE HISTOUY 

Paul Ilistorii . — A IC-year-old, unimirricil, white, iiialo stmlent hud noticed grudtiul 
increase in tlic size of both breasts for two years, associated with breast pain. 
Except for scarlet fever at the age of 10, his geneial health had been excellent. 
Past history was noncontributory. Development had been normal, voice clmnging 
at the age of 14 j’cars. lie had experienced erections, nocturnal cmis.sions, and 
sexual intercourse with ejaculations. 

Examination . — The patient was a tall, asthenic individual. He measured C9 
inches in height and weighed 143 pounds. Increased adiposity was noticed about the 
mammae and trochanteric areas. There was no beard, although fine dark hair was 
present on the upper lip. The axillary hair was sparse, the pubic hair was 
abundant but with the female escutcheon. There was virtually no hair on the 
trunk or extremitie.s. The carrying angle was increased. The .skin was soft, smooth, 
somewhat dry, with a minimum of oilincss. The facial appearance was boyish, 
demeanor unassun\ing; the voice was low in pitch and masculine. The thyroid 
cartilage was not prominent. 

The breasts were symmetrically enlarged, with the consistency, .‘•izc, and con- 
figuration of a well-developed adolescent female. Tlie nipples uere moderately 
retracted with a dark areolar pigmentation. No discharge was obtained from 
either nipple. The chest measured 35 inches around the nipple line. 

He complained of a sense of fatigue and narcolepsy. The external genitals 
were well developed. The seminal vesicles w-crc not palpable and the prostate was 
very small. 

Laboratory Data . — The Kahn and 'Wassermann tests were negative. Studies of 
the urine and blood were within normal limits. Blood cholesterol was 158 mg. per 
100 C.C., the basal metabolic rate was —7 and -2 per cent, bleeding time (ear) 
31/^ minutes, clotting time (ear) 2(4 minutes. Plasma proteins were nonnal, pro- 
thrombin. time 19.4 minutes (control 19.2). Serum phosphatase was: acid 9.9, 
alkaline 10.2 mg. Hippuric acid and cephalin-cholesterol tests were within the 
normal limits. Sperm counts on two occasions were found to be 2,200,000 per 
c.e. Of the sperm present, only 25 per cent showed motility and normal morphology. 

Roentgen Reports . — The following roentgen report was submitted; 

Aiig. 7, 1942, Skull: The skull appeared entirely normal except for some sclerosis 
of the mastoids. The sella turcica appeared normal. Conclusions: Negative skull 
and sella turcica; sclerotic mastoid. 

A\tg. 25, 1942, Pneiimo-adrenogram : There was a good insufflation of air about 
the left kidney and in the left adrenal space. On the right side, the insufflation was 
less satisfactory as the air was injected somewhat lower down. The left adrenal 
was clearly made out, but I believe it was within normal limits. Conclusion: Prob- 
ably negative adrenal. 

Sept. 8, 1942, Pathology: There was no evidence of pathology in the lungs, 
mediastinum, diaphragm, or pleura. The heart appeared normal. Conclusions: 
negative. 

Sept. 18, 1942, Examination : Simple examination of the urinary tiact showed no 
evidence of abnormality. The epiphyses for the crest of the ilia would indicate some 
slight advance in ossification although this is probably of the upper limits for the 
age of 16. The epiphyses of the spine were within normal limits in their degree 
of development. 

Course of Therapy. — October, 1942, six injections of 1 c.c. of antuitrin com- 
pound were given at weekly intervals without any apparent effect in arresting the 
mammary development. 

Two series of twenty-four hour collections of urine were analyzed for 17-ketos- 
teroids and estrogens; one before any treatment and one during ineffective gonado- 

*Report of Dr. Leo Rigler, roentgenologist at the ttniversity Hospitals. 
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tropliic admiiiistrution (Table 1). The average excretion of IT-kctostcroids u'as 
5.S mg. in twenty-four horns, a value below that which we linve obtained in 
normal young men (0 to 20 mg. in 24 liouis). The c.strogen level (!) to 20 I.U.), 
on the other hand, was well within the normal range. 

Table I 


Estbogen Acid 17-Ketostei:oid Excbetiox 


SAMPLE 

NO. 

COLLEC- 

TION 

PERIOD 
(IN HR.) 

DATE 

URINE 

VOL. 

(IN C.C.) 

1-STROGENS 
I.U. PER 

24 UR. 

17-ketos- 
TEROIDS 
MG. PER 

24 UR. 

1 

24 

s/13/42 

1770 

7.8 

6.1 

2 

24 

S/14/42 

1080 


4.9 

3 

24 

8/15/42 

1950 

9.0 

6.4 

4 

5 

24 

24 

S/lC/42 Discarded 
10/11/42 After gonado- 

1420 

1680 

21.0 

6.2 

n 

12 

trophic hormone 
10/14/42 After gonado- 

765 


5.8 

7 

12 

trophic hormone 
10/15/42 After gonado- 

725 

11.0 

7.4 

s 

12 

trophic hormone 

1/14/43 

()50 

15.0 

7.0 

9 

12 

1/13/43 

680 


7.1 

10 

12 

1/15/43 

900 


4.8? 

11 ' 

12 

3/17/43 Testosterone 

530 

>n 

30.8? 

12 

0 

propionate 25 
mg. per day 
3/18/43 Testosterone 

1140 


17.5 

13 

9 

propionate 25 
mg. per day 
3/19/43 Testosterone 

610 


13.8 

14 

9 

propionate 25 
mg. per day 

4/14/43 

360 


5.8 

15 

13 

4/15/43 

260 

10.0 

4.7 

16 

13 

4/16/43 

650 


8.0 

17 

24 

4/21/43 

950 


1.5 

IS 

24 

4/23/43 

580 


3.1 


Since there was some evidence of a decrease in the 17-ketosteroids, to which the 
naturally e.xcreted androgens belong, an intensive course of androgen therapy was 
tried. Intramuscular injections of 25 mg. testosteione propionate* were admin- 
istered daily for fifty days. 

The following changes were observed during the intensive course of replacement 
therapy. The prostate increased in size, but remained small, and the seminal 
vesicles became palpable. There was no increase in libido or in nocturnal emissions. 
Sense of well-being and energj- improved, although the narcolepsy increased but 
later improved. The previous unassuming attitude changed to one which was more 
aggressive. Eacies became more mature. Acne did not appear on the face but 
was noticed on the shoulders and arms. The increase in sebaceous secretion and 
ruddiness developed in the face. The voice became rough and deeper pitched. 
There was an easily discernible increase in the size of the skeletal muscles, espe- 
cially about the shoulder girdle and an increase in height of inches. The 
patient noticed increased strength and improvement in psychologic outlook. 

The effectiveness of the therapy is indicated by the increase in the excretion 
of 17-ketosteroids as shon-n in Table I. There was no erddence of drug toxicitv. 
The bre asts appeared to decrease slowly in size during this treatment. This was 

Inc!’^pSmmU°'N''j"'^ propionate was furnished by Ciba, Pliarraaceutical Product.s 
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beard was delaj-ed, tlie testes were small, and prostate and seminal 
vesicles were not well developed. This Avas associated Avith a Ioav ex- 
cretion of 17-ketosteroids. It Avould appear that in this case there Avas 
some deficiency in androgens. 




B 

Fig. 3 — ^Appearance of breast tissue removed at operation A, Gross appearance of 
masses removed from both breasts B, Typical section through breast tissue 
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Unlike llic results reported by the Boston •workei’s, wc did obtain 
some reduction in mammaiy size during treatment with testosterone. 
This may have been due to more intense treatment on our part; again 
it may have been due to our ability to identify partial changes by the 
methods used. It is improbable that the change was coincideiital since 
duplicate casts some time apart during the prcliminaiy control period 
did not show such variation. 

This change was apparently due to a direct effect on the gland, since 
thei’e was no general loss of water or protein from the body; instead, 
the total weight increased. Since the glands were largely composed of 
connective tissue with occasional ducts and alveoli, it is probable that 
the shrinkage was in the ducts, and that there was a lower limit below 
which testosterone would have had no further effect. Perhaps if 
androgen therapy had continued for a sufficient time and had been 
checked by volume measurements, a similar decrease would have been 
found in the eases of Klinefelter and his associates. "While surgical 
removal still remains the treatment of choice, the endocrine involve- 
ment in this syndrome should not be forgotten. 

SUMMARY 

1. A case of bilateral gynecomastia developing at puberty is reported 
in a 16-year-old boy. It was associated with little beard development 
and some evidence of improper or subnormal testicular function. The 
17-ketosteroid output was low. 

2. Administration of testosterone daily for three weeks decreased the 
volume of the breasts by about 50 per cent, while the general body 
weight increased. The excretion of 17-ketosteroids was also increased. 
The change in the gland appeared to be decreasing with time, how- 
ever, and surgical removal was resorted to. 

3. The histologic picture was one of chronic fibrous mastitis. The 
ease appears to have been another of the syndrome described by Kline- 
felter, Reifenstein, and Albright.® 

4. While a considerable reduction in the size of the breasts can be 
produced in these cases by intensive treatment with testosterone, the 
result is not sufficiently cosmetic, probably because of the increased 
residual connective tissue, to justify its use. The surgical approach is 
to be preferred. Androgen therapy can be used subsequently if it seems 
indicated. 
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EFFECTS OF ENWIRONjMBNTAL TEi\rPEKATUEE ON THE 
TRAUJklATIC SHOCK PRODUCED BY ISCHEMIC COJI- 
PRBSSION OF THE EXTREiMITIES 


Harold D. Oreicn, jM.D., and Georges Bergeron, IM.D.* 
Cleveland, Ohio 

(From ihc Deportment of Physiolof/y of Tt'estcni Jtcuerve Univenoty, 

School of Medicine) 

C RUSHING in.iuries of tlie cxtreniilies may lead oitlier to shock or 
to a delayed disturhance of renal function known as the crush syn- 
drome. In a study' of an ischemic fonn of cnishins: injury in dogs, ten 
out of eleven of our experimental animals, studied at ordinary laboratory 
temperatures, died within a few hours after release of the compression 
with a shocklike coui’se eharactei-izcd by an initial rapid decline of mean 
arterial pressure followed by a slower progressive fall of pressure end- 
ing in death. Since the one survival occurred on a day when the tem- 
perature in the laboratory was unu.sua!ly low we entered upon an investi- 
gation of the effects of environmental temperature upon the shock pro- 
duced by this type of trauma, the results of which are presented in this 
paper. 

methods ■ 

In this study both hind legs of dogs were crushed and rendered 
ischemic by applying a tightly wound spiral of rubber tubing from the 
anlde to the groin. The dogs were placed in cages and the nibber tubes 
removed after six hours. Administration of morphine, 4 mg. per kilo- 
gi’am, plus sodium pentobarbital, 20 mg. per kilogram, prevented pain 
during the period of compression but allowed the animals to be well 
awaked vdthin one or two hours after release of the tubes. A few dogs 
received small additional injections of morphine during the period of 
compression. 

A first group of sixteen control dogs was studied at ordinary labora- 
tory temperatures which varied from 19.8° to 27.0° C. during the winter 
months and from 24.0° to 27.9° during Jlay. A second group of 
fourteen dogs was kept in a cool environment in a room, maintained at 
9° to 14° C-, from the start of compression until twenty to rtventy-four 
hours after removal of the imbber tubes. The dogs Avere then returned 
to the laboratory. Feeding Avas omitted on the morning of the experi- 
ment and Avater, available until the dogs Avere anesthetized, was with- 
held for the next thirtj'- houi-s. Hematocrit readings Avere made of 
venipuncture blood. Rectal, intramuscular, and subcutaneous tempera- 
tures Avere recorded continuously.^ 
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The amount of edema in each traumatized leg was computed from tlie 
difference in the volume of water disiilaeed ■when the leg was immei’sed 
in a tall narrow-mouthed cylindiacal vessel before compression and 
again after death, or, in those dogs tliat survived, twenty-four hours 
after release of compression. 

RESULTS 

The dogs in both groups of experiments were, at the moment of re- 
lease of compression, in varying stages of anesthesia from moderatelj’" 
deep to very light and a few in each group were attempting to sit up. 
Within a few minutes after release of the ruliber tubes all the dogs 
became stupoi’ous. Those kept in the laboratory usually remained 
semicomatose until death. In marked contrast to tlicse, the dogs in a 
cool environment were found sitting up or standing within two to three 
hours after release of the compression. 

The durations of survival of all dogs studied in this investigation are 
presented in Table I. This table elearlj’’ demonstrates that a cool en- 
vironment during the period of compression and for a reasonable length 
of time afterward increases the viability of dogs subjected to this form 
of trauma. 

The temperatures of the subcutaneous tissues and of the muscle of the 
compressed extremities declined rapidly after application of the rubber 
tubes and were approximatel}'^ at the environmental temperature when 
the rubber tubes u^ere removed. As a result, the temperature of the 
compressed tissues was considerably lower throughout the period of 
compression in the dogs kept in the refrigerated room than in those kept 
in the laboratoiy. The rectal temperatures of the control dogs were 
strikingly different from those kept in a cool environment. The former 
were between 35.3° and 41° C. until release of compression and then 
steadily rose, reaching temperatures of 39.0° to 43.1° C, at the time of 
death. The reetal temperatures of the latter ranged from 32.5° to 40° 
C. during compression, and in the ease of all but one of the dogs that 
survived, remained relatively stable between 35° and 38.9° 0. The 
rectal temperatures of five of the dogs in the refrigerated room dropped 
relatively rapidly to 28° to 34° C. during the night. These dogs were 
then warmed, but only one survived. The courses of the rectal tempera- 
ture of a representative group of dogs are plotted in Fig. 1. 

The dogs studied in May were weighed at the start of the experiment 
and again after death, or, if thej^ survived, at twenty-four hours after 
release of the compression. Table I shows that the dogs kept in a cool 
enviromnent and those in the laboratoiy lost approximately the same 
amount of weight, expressed in grams per Idlograra of body weight. It 
should be noted, however, that the rate of loss of body weight was con- 
siderablj'’ more rapid in the latter group since their survival was much 
shorter than the thirtj'-hour interval between the initial and final weigh- 
ing of the former group. 
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Fip. 1. 




Fig^. 1. — Plots of the rectal temperatures during and after application of ischemic 
compression to the hind legs of dogs anesthetized vrith morphine and sodium pento- 
barbital Ordinate scale sho^s rectal temperature in degrees centigrade Absc^sm 
scale gi%es time in hours zero time is moment of release of compression of hinu 
extremities Solid sjmbols and solid or dot-dash lines represent dogs kept m a cool 
emironment, hollon s>mbols and dotted lines, dogs kept in the laboiatorj- at ordimm 
temperatures Corresponding symbols (for example, solid and hollow triangles) refer 
to animals studied simultaneouslj Arrows with downward tip indicate the moment 
of death, arrows with tip pointing to right indicate complete survnal Dot— uasn 
line signifies that temperature was not recorded continuously during the indicatea 
mtercal. 

Fig. 2 — Plots of the successive changes in hematocrit readings during and ^Uer 
trauma, as indicated in Fig 1. Ordinate scale shows cell lolume per cent of bloou 
tolume Abscissal scale, sjmbols, and numbers haie the same significance as in rig i 
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The hemalocl'it readings of the dogs kept in the lalioratory rose some- 
what more rapidly and reached higher levels than those of the dogs kept 
in a cool environment. These differences are illustrated in Fig. 2. 

Post-mortem examinations were performed on all dogs that died. Tlic 
findings in the traumatized legs arc summarized in Table I. In addition 
to the vai'ying degrees of edema, small hemorrhages were occasionally 
seen in the muscle or soft tissue. The traumatized muscles, paidicularly 
of the dogs studied in hlay, showed many regions of pallor. It has not 
been determined whether the pallor is due to loss of myoglobin or to 
separation of the muscle fibei's by edema, hlyoglobin has, however, been 
demonstrated in the urine of three dogs of another seiies of experiments 
which showed similar chairges in the muscle. Occasional mild hyperemia 
of the lungs, omentum, and subcutaneous tissue of the thorax was seen 
in the dogs dying in the winter months, but no significant differences 
were noted betweeir those dying at ordinary laboratoi'y temperatures 
and those dying at low environmental temperatures. In contrast to 
these, all six of the dogs that died during Slay showed marked hjT^cremia 
of the cortex and papillae of the kidneys, and moderate to marked hy- 
peremia of the subcutaneous tissue of the thorax, omentmn, and duo- 
denal mucosa. Free blood was found in the lumen of the duodenum of 
only one of the dogs kept in the laboratory and in the one which died 
in a cool enviroirment. 

Of the six dogs which suiwived in klay, five were lulled, two, five, nine, 
eleven and thirteen days after release of compression. Except for small 
superficial cutaneous ulcers on the traumatized legs of the last three 
dogs, all of the dogs were in good condition. Four of the five had lost 
25 to 134 grams per kilogram of body Aveight, the lai-ger losses occurring 
•in the latter dogs. Essentially no residual edema Avas found on the 
eleventh or thirteenth days of survival, although small areas of pallor 
Avere observed in the crushed muscles. In the dogs killed on the.second 
and fifth days the edema Avas as great as Avhen measured tAventy-four 
hours after release of compression. Except for moderate hyperemia 
of the duodenal mucosa, all other tissiAes Avere normal to gross examina- 
tion. 

Complete microscopic examinations*^ Avere made on tAvo of the dogs 
Avhich smwived and Avere killed tAvo and five days after release of the 
compression. In both dogs mild passive hyperemia and slight fatty 
metamorphosis Avere seen in the central zones of the liver. The epithe- 
lium of the tubules of the kidneys Avas narroAved and coarsely granular, 
and the proximal and distal tubules and the broad loop of Henle shoAved 
irregularly distributed foci of fatty degeneration. Tliere Avas much 
acidophilic precipitate in the tubular lumen of the dog sacrificed after 
tAvo days. The lumen of the glands of the duodenal mucosa contained 
AA’hat Avas apparently inspissated, deteriorated blood. In one dog the 
spleen shoAved diffuse slight fibrosis and the deposite of a great deal 


•Tl^eso ptutUes were made by Dr. Howard T. Karsner, professor of Patholocv 
ami director of the Institute of Patiioloey- 
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of pigment of dark golden yellow and of light orange-yellow shades. The 
compressed muscle of the thighs showed various degrees of necrosis and 
hyaline degeneration. The cytoplasm was scantj' and the nuclei of the 
muscle fibers were large and vesicular, each containing a nucleolus. 
Granulation tissue was present in tlie degenerating muscle and there 
was proliferation of large mononuclear cells, evidently of the sareolemma. 
Fat stains were negative. 

Table I shows that no significant difference was found between the 
measured edema of the dogs kept in the laboratoiy and those kept in a 
cool environment. “Wlien allowance is made, however, for certain tech- 
nical errors of the immersion method.* the resulting volume, rceoi’dcd as 
the estimated maximum edema in Table I, is foiind to be slightly greater 
in the former than in the latter. 

Bight additional dogs were subjected to certain modifications of these 
experimental procedures during the winter months. Tlie traumatized 
legs of two dogs were cooled by placing ice about them during the period 
of compression, Avhile their bodies remained at room temperatures of 
26° to 28° G. Both died in five and one-half horn’s. The traumatized 
legs of three dogs were placed in a chamber in which air, cooled to 7° to 
14° C., Avas circulated while their bodies remained at room temperatures 
of 22° to 26° C. Two survived and one died at six houi's. Concurrently 
with the latter dogs, the bodies of three dogs Avere placed in the cooling 
chamber Avhile their legs remained at room temperatAire. One sumved, 
the others died at six and eight and one-half hours. 

During lilay, two dogs Avere kept at laboratory temperatures of 25.5° 
to 28.2° 0. during the period of compression. Immediately after re- 
lease of compression the dogs Avere placed in cages at cnAuronmental tem- 
peratures of 12° to 14° 0. One Avas returned to the laboratory at 
twenty-four hours and died nine houi-s later; the other remained in the 
cool enAuronment until it died at thirty hours. 

DISCUSSIOK 

The effects of Avarming or cooling traiunatized extremities have been 
studied by Allen,’’’ Duncan and Blalock,® and Blalock.® These authors 
are all in agi’eement that cooling the traumatized extremities especially 
during the period of trauma lessens the severity of the shock and pro^ 
longs the svArvival. Blalock and Mason,^ and more recently Antos® have 
studied the effects of a cool enAuronment on the shock Avhich follOAVs a 
period of hjT)otension produced by bleeding. Both obtained a longer 
survival but no decrease in the per cent of fatality. Elman, Cox, 
Lischer, and Mueller® concluded that rats with scA^ere body bums sur- 
Auved best at enAuronmental tempei’atures near ordinary room tempera- 
ture, and "Wakim and Gatch*® arrived at similar conclusions for rats, 
guinea pigs, and dogs traumatized by intestinal stripping. Unfor- 
tunately, little data is available regarding the rectal temperatures of the 
latter two groups of animals subjected to different environmental tem- 
peratures after trauma. Since the enAdronmental temperature in their 
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experiments ivas the temperature of a platform on wliieli the animals 
were placed, it is probable that the body temper atnres were depressed 
below normal at environmental temperatures below normal body tem- 
peratures. 

Our experiments demonstrate that controlled cooling of the body 
and legs during and after release of compression is an effective pro- 
cedure in preventing this form of shock. Furthermore, there seems to 
be good evidence that whether the traumatized legs are cooled or not, 
placing the body in a cool environment increases the viability of anes- 
thetized dogs subjected to ischemic compression trauma. 

Four mechanisms require consideration in explaining the improved 
viability of our dogs exposed to a cool environment. 

1. The lower temperature of the compressed tissues may have slowed 
metabolic action and tissue disintegration and, as a result, less toxic 
material may have entered the blood stream upon restoration of the 
circulation. Proof of this hypothesis must await evidence that blood 
returning from these traumatized extremities has a toxic action upon 
the bodj’'. 

2. In addition to this, cooling might have reduced the vascular dam- 
age and thereby decreased the loss of plasma into the traumatized tissues. 
The somewhat smaller estimated maximum edema of the dogs in a cool 
environment and the slightly greater ^^ability of the dogs whose ex- 
tremities alone were cooled offer support for this hypothesis. However, 
the equally good results in those experiments in which the body only 
was cooled, or in which the dogs were placed in a cool environment only 
after release of compression, demonstrate that this mechanism is not the 
sole factor in explaining the better survival of our dogs placed in a cool 
environment. 

3. It is commonly considered that a cool environment may aid by re- 
inforcing compensatory cutaneous vasoconstriction. Since we wished to 
use minimal anesthesia and to allow our animals complete freedom of 
movement, it was not possible to study this factor in the present experi- 
ments. 

4. As indicated- by our records of mean arterial pressure, there occurs 
a marked depression of the circulation immediately after release of 
compression. Accompanjdng this, there is in ail probability a diminu- 
tion in the blood supply to vital tissues. In the presence of an elevated 
or even normal body temperature there is undoubtedly a discrepancy 
between the blood supply and the metabolic needs of these tissues dur- 
ing this period of circulatory depression. According to the proponents 
of the vicious cycle theory, this will lead in tui'ii to further depression 
of the circulation and ultimately to death. On the other hand, the de- 
pressed circulation may be able to meet the demands of the tissues when 
their metabolism is reduced by lowering the body temperature and a 
fatal outcome maj- thereby be delayed or even obviated. This hypothesis 
is strongly supported by the obseiwation that without exception in our 
experiments those dogs which survived maintained rectal temperatures 
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at or below 39° C. diiring the critical twenty-foxir hours after release of 
compression, whereas, all the dogs which died while kept at ordinary 
laboratory temperatures had rectal temperatures above this level during 
all or most of the time from release of compression to death. Accord- 
ing to the observations of one of ns (H. D. G.) and co-workers," the nor- 
mal range of rectal temperatures for dogs is 37° to 39° C. witli an aver- 
age of 38.5° C. 

SUMMARY 

Fifteen of sixteen ane.sthetized dogs subjected to a six-hour period 
of ischemic compression of their hind legs and kept at ordinary labora- 
tory temperatures of 20° to 28° C. died in an average of 6.4 hour’s after 
release of the compression. Fourteen dogs were similarly traumatized 
but placed in a cool eirvironmcnt of 9° to 14° C. during and for twenty- 
four hours after the compression. "With one exception all lived longer 
than twenty liours and nine survived indefinitely after release of eom- 
pressiorr. It is concluded that irr these experiments the beneficial effect 
of the cool errrdroirment is due in irart to diminishing the damage to tlie 
traumatized tissues during the period of compression, and in part to 
decreasing the metabolic demands upon the circulation by moderate low- 
ering of the body temperature during the critical first twenty-four hours 
after release of compression. The evidence suggests, however, that rectal 
temperatures below 34° 0. are not well tolerated. Facilitation of cu- 
taneoirs vasoconstriction may also play a part, but erldence for this 
mechanism has not Ireen obtained. Dogs studied in the spring reacted to 
this form of trauma with the production of more edema at the site of 
the compression and with more systemic hyperemia than did dogs studied 
in the winter. 
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ARTERIAL SPASM SECONDARY TO LiCATlON AND 
RETROGRADE INJECTION OF THE 
SAPHENOUS VEIN 

Isidore S. Tunick, ]\LD., Robert L. Nacii, M.D., and 
Isaac AVeinkle, J\r.D., New York, N. Y. 

(From Ihc Vascular Service of the nospital for Joint Diseases) 

L igation of the internal saphenous vein at present is an accepted 
J and commonly practiced procedure. The essential ]irercqiiisite for 
its execution has been the satisfactory demonstration of an adequate 
deep venous circulation by means of the various functional tests, the 
chief of which are those introduced by Trendelenburg, Pertlics, Oclisner, 
and ]\Iahorner. Accurate preliminary determination of the degree of 
arterial sufficiency to the part, however, lias been commonly neglected. 
The experiences sustained in Cases 1 and 2 have suggested the study 
described in this report. 


CASE REPORTS 

Case 1. — M. P., a white man, aged 54. years, came to us with varicose veins 
of the right leg and thigh. Tiie symptoms were those of fatigue and discomfort 
along the inner aspect of the thigh after prolonged standing. There were no 
complaints suggestive of an impaired arterial circulation, such as intermittent 
claudication, coldness of the feet, disturbance of sensation, or fatigue on walking. 
The remainder of the present and past history was negative e.vcept for excessive 
smoking for many years, and a worrisome temperament. 

Physical examination revealed a well-preserved and a fairly well-developed 
patient. The blood pressure was 145/90 and a routine urine analysis was negative. 
There were no remarkable physical findings except for the varicosities of the right 
lower extremity. The right leg and thigh presented a moderate-sized dilatation 
of the internal saphenous vein \vith tortuous branching dilatations over the inner 
upper two-thirds of the leg. Incompetency of the valves of the saphenous vein 
wore readily demonstrated by means of the Trendelenburg test. Adequacy of the 
deep venous circulation was satisfactorily proved by both the Perthes, and the 
Ochsner and Mahorner tests. The arterial circulation in the foot seemed adequate, 
the dorsalis pedis and the posterior tibia! pulses being readily palpable and of 
fair volume. The color and the temperature of the foot were normal and the 
Silbert passive fle.xion test failed to produce any abnormal degree of plantar 
ischemia. No oseillometric determinations had been made, this not having been 
part of the routine preoperative examination of that time. 

Oct. 14, 1941, under local anesthesia, division and ligation of the right saphenous 
vein at the saphenofemoral junction were performed. Pive cubic centimeters of 
2 per cent sodium ricinoleate were injected into the distal segment at the time 
of operation. The immediate postoperative reaction and the convalescence were 
uneventful. In the following weeks sclerosing injections of 5 per cent sodium 
morrhuate were ^ven to occlude the residual patent veins. 

Oct. 28, 1941, following the injection of 1 c.c. of 5 per cent sodium morrhuate, 
the patient went into a state of profound allergic shock characterized by vomiting, 
cyanosis, absent blood pressure, extremely faint pulse, blood tinged expectoration, 
and diffuse urticaria. With appropriate treatment he recovered after one and 
one-half hours. 
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Nov. 21, 1941, the patient returned with the complaint of intermittent claudica- 
tion occurring after walking a short distance. Examination at this time disclosed 
an absence of a palpable pulsation in the dorsalis pedis, posterior tibial, and 
popliteal arteries of the right leg. The right femoral pulsation in Scarpa’s triangle 
could be obtained. The corresponding pulsations of the left leg were readily 
elicited. 

Arterial occlusion of the vessels of the right lower extremity had evidently 
occurred. It was difficult to decide wlicther such a complication was the result 
of the ligation and retrograde injection of a sclerosing agent, or whether it 
was precipitated by the acute allergic shock that occurred at the later date. 

Case 2. — S. G., a white woman, aged 44 years, on examination was found to 
show moderately extensive varicosities of both legs with incompetent internal 
saphenous veins on both sides. The only complaints were the unsightliness and a 
sense of heaviness in both legs. Her health was good in all other respects and 
the antecedent history was irrelevant. Physical examination was negative except 
for the varicose veins as just described. The urine was negative. The feet were 
of normal color and exhibited good surface temperatures. Both dorsalis pedis and 
posterior tibial pulses were readily palpable and of good volume. Oscillometric 
determination talccn at the lower tliird of the leg was 2 for each side. A bilateral 
saphenous ligation with retrograde injection of 5 c.c. of 2 per cent sodium 
ricinoleate on each side was done under local anesthesia in the customary fasliion. 
The patient was made immediately ambulatory. Three days later she presented 
herself complaining of coldness of both feet. Examination disclosed a faint weak 
dorsalis pedis pulse on both sides with pallor and coldness of both feet. Oscillo- 
metric readings at the same level showed an excursion of V->. These findings 
persisted for two months, when the patient was lost trace of. 

Accumulating clinical and experimental evidence shows that occlusion, 
chemical irritation, or ifaeterial inflammation of a segment of a large 
vein -svill cause ipsolateral reflex arterial spasm with diminution in the 
peripheral pulse volume. DeBakey, Burch, and Ochsner have shown 
that ligation of the proximal portion of the femoral vein in dogs re- 
sulted in marked diminution (52.5%) in tlie volume of the pulsations 
in the foot, as determined with the aid of an accurately recording 
plethysmograph. Preliminary resection of the corresponding para- 
vertebral sjonpathetie ganglia or injection of novocain into the peri- 
vascular tissues of the isolated venous segment failed to influence the 
resultant decrease in volume of the arterial pulsations. This fall in 
pulse volume appears to have been due to the resultant increase of 
venous back pressure which was transmitted through the capillary 
bed against the arterial pressure. Subsequent injection of the chemical 
iiTitant into the lumen of this vein or into its perivascular tissues also 
produced a further marked decrease (51.6%) in the volume of the 
peripheral pulsations. In the latter ease however, either preliminary 
resection of the paravertebral sympathetic ganglia or perivenous novo- 
cain infiltration into the segment of vein neutralized this action. 

Reflex arterial spasm, secondary to severe thrombophlebitis, has be- 
come an accepted clinical entity. In extreme instances the ischemia re- 
sulting from such arterial spasm may simulate an arterial embolus or, 
where the spasm persists, may precipitate actual gangrene. Isolated 
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case reports o£ such occurrences have appeared increasingly in the 
literature iu the past ten years. The sjuidronie evidcntlj'’ had been mis- 
interpreted up to that time. Tlie mechanism producing the arterial con- 
stiiction is a sympathetic reflex caused bj’' impulses originating in the 
involved venous segment. Paravertebral infiltration of the correspond- 
ing sjunpathetic ganglia with procaine will interrupt such reflex action. 
Similarl 5 ’', perivenous infiltration of the venous segment ivith procaine 
prior to the injection of the chemical irritant also prevents the reflex 
spasm. Tlie spasm resulting from the localized process in the vein, 
whether traumatic, bacterial, or chemical maj’’ occur in both arteries and 
veins. Injection of a potent sclerosing solution into a varicose vein re- 
sults in a dramatically visible and palpable venospasm vdthin one or two 
minutes. It is not uncommon for a dilated internal saphenous trunk 
one inch in diameter to shrink to the size of a lead pencil folloiring the 
injection of 2 to 5 c.c. of a potent sclerosing agent. Traumatic veno- 
spasm is at times. observed where repeated unsuccessful attempts at vein 
puncture have been made. This contractile power appeal’s to be retained 
bj’- dilated varicose veins, despite their atony, dilatation, and loss of 
elasticity. 

Prompted by the experience in the two cases quoted, the folloiring 
studies were entered into for the purpose of determining the effect that 
the clinical ligation of the saphenous vein together with the retrograde 
injection of a sclerosing agent had upon the arterial circulation. 

PROCEDURE 

- The data were obtained from fifty consecutive cases in which 
saphenous vein ligations and retrogi’ade injections were perfoi’med. The 
accepted prerequisites for saphenous A'ein ligation are : 

1. A dilated internal saphenous trunk -ivith incompetent valves 

2. Patency of the deep veins as judged by the clinical appear- 
ance of the leg, together with the accepted functional tests. 

3. General good health, as eridenced by the history, cardiac 
sufficiency, satisfactory blood pressure, and normal urine 
analysis 

4. Adequate arterial circulation to the part, as determined by 
the histoi’jq the presence of palpable dorsalis pedis and pos- 
terior tibial pulsations, and a satisfaetorj'- appearance and 
sui-face temperature of the part 

5. The absence of acute phlebitis, acute inflammation, or grossly 
infected ulceration 

6. An oscillometrie determination within noi-mal limits 

The patients were ambulatorj’- prior to the operation, receiving a pre- 
liminary oral dose of 1% gr. of sodium pentobarbital. The blood pres- 
sure (bracliial) ivas taken preoperatively and postoperatively in twentj^ 
patients. Oscillometrie deteiminations were made in the lower third 
of the leg at constricting pressures of 160, 140, and 120 mm. of mercury. 
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Simiiltaneoiis oscillometric readings ■were taken pre- and postoperatively 
in the forearm in ten i)atienls and in the leg upon Avhich operation was 
not done in ten other patients. 

The skin and tissues over and about the saphenofemoral nGnetion 
were infiltrated with 1 per cent novocain free of adrenalin. Tlie proxi- 
mal portion of the saphenous tnnik wa.s exposed by a two-inch horizontal 
incision made dircctl}’' over the fossa ovalis. The segment of the vein 
was isolated from its sheath for a distance of three inches below the 
saphenofemoral jiinction. It was clamped, divided, and resected for a 
distance of two inches. The proximal and distal ends were transfixed 
and ligated. From 3 to 5 c.c. of 2 per cent sodium ricinolcate, in accord- 
ance ■\\’ith the size of the vein, were injected into the distal segment. 

In ten patients oscillometric readings were taken immediately follow- 
ing division of the vein and again directly after injection. In aU pa- 
tients, oscillometric readings were taken at the completion of the opera- 
tion or approximately within fifteen minutes after injection of the 
sclerosing solution. Keadings Avere taken again one hour after the 
injection. Ten patients Avere hospitalized and readings made over a 
tAventy-foAir hour period. All patients AA^ere made immediately ambula- 
tory, so as to diminish the hazard of postoperative emboli. A Collin 
oscillometer Avas used for all determinations. The accepted normal 
oscillation Avas found to vaiy from two to six. 

RESULTS 

In evaluating the effects of surgical venous trauma and chemically 
produced phlebitis any appreciable deviation in the oscillometric reading 
from the preoperalive normal AA'as considered eAndence of arteiial spasm. 
No imtoAvard reactions folloAAcd the procedure. Tliere Avas no evidence 
of noA’^ocain shock or sensituity to the sclerosing agent in any of the 
patients. In most uistances there Avas a burning or cramplike sensation 
in the leg shortly after the retrograde injection of the sodium ricinoleate, 
AAdiich pereisted for varying lengths of time. In many patients this 
AA'^ould be folloAved by the subjective and objectNe signs of a chemical 
phlebitis in the veins of the thigh and leg, to a varying degree. The 
arterial spasm seemed to be roughly proportionate to the degree of im- 
mediate postoperatNe discomfort, that is, the more the burning and 
cramp, the greater the drop in the oscillometric reading. In most in- 
stances the maximum arterial spasm Avas detected about thirty minutes 
postoperatively. 

1. There Avas no appreciable change in the postoperative braeliial 
blood pressure as compared AA-ith the preoperative reading in any of the 
tAventy patients so studied. This Avould tend to shoAV that any resultant 
aiherial spasm in the leg produced no recognizable effect upon the 
systemic blood pressure. 

2. Oscillometric readings taken in the upper extremity directly follow- 
ing those taken in the iiwolved legs shoAved no change from the pre- 
operative determinations. LikcAvise, readings taken in the opposite 



TUNICK ET AL: Ain’EmAIi SEASM AND HKTIJOOliADE INJ1-:CTI0N 417 


leg, \vlien that extremity was not treated hy ligation and retrograde in- 
jection, showed no eiiaiige from the readings obtained preoperatively. 
This would tend to corroborate the clinical and cx]ierimental work of 
Leriehe, Ochsner and DeBakcy, and DcBakey, Burch, and Oehsner, in 
that the arterial spasm secondary to a phlcbitic process is reflex and is 
confined solely to the homologous extremity. 

3. In five patients no change in oseillometrie readings occuiTcd up to 
ninety minutes postoperative. In one instance the readings were higher 
by 1 to 2 points. No certain explanation can be given for these latter 
inconsistencies. The chemical phlebitis may not have been sufficiently 
severe to produce a reflex arterial .spasm. The spasm might have been 
transitory, having possibly occurred in between the readings, wliieh were 
taken every fifteen to thirty minutes. 

4. In ten patients, readings were taken inunediately after division and 
ligation of the vein, but befoi-e the sclerosing solution was injected into 
the distal segment. No change was noted in any of these. This would 
tend to show that trauma upoir a small segnrent of the vein was not 
sufficient to prodrree a reflex arlcrial spasm of sufficient degree to be de- 
tected by our method of study. DeB.ilvey, Burch, and Ochsner, how- 
ever, were able to produce experimentally increased intra-arterial pres- 
sure, as determined by the plethysmograph, by exclusion without divi- 
sion of a small segment of the femoral vein. 

5. In forty-five patients there were definite postoperative falls in the 
oseillometrie readings. Since the preoperative oseillometrie determina- 
tions vai’ied from 2 to 6, it was thought best to interpret the degree of 
arterial spasm in terms of percentage deviation from normal rather than 
the actual change in scale reading of the oscillation itself. For example, 
a patient with a preoperative reading of 6 and a postoperative reading 
of 2 would have a percentage change in oseillometrie reading of 66 per 
cent. Tins showed a mean change of 54 per cent, the individual mini- 
mum being 20 per cent and the individual maximum 75 per cent. 

The arterial spasm appeared from five to thirty minutes after the 
retrogi’ade injection, reached its peak from thirty to sixty minutes after 
sireh injection, and usually returned to normal in four to six hours. Ten 
of these forty-five patients were observed over a period of twenty-four 
hours. Eight of these exhibited normal readings at the end of this time, 
whereas rivo still showed a persistence of arterial spasm at the end of 
the twenty-four hours. 


INTERPRETATION 

In the use of the oscillometer the occurrence and degree of arterial 
spasm lias been gauged by an indirect method rather than by direct de- 
terminations on the arteries themselves. The difficulties of direct 
measurements of intra-arterial pres-mres in human beings are obvious. 
Oseillometrie determinations have been univereally accepted as a satis- 
factory means of determining the adequacy of the circulation in the 
larger arteries, even though the patency of the small arteries and 
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arterioles cannot be detected in this way. It was felt that this method 
of detecting arterial spasm was adequate for these studies, and one that 
could roughly lend itself to quantitative clinical application. 

This study has been a clinical evaluation of the effect upon the arterial 
circulation by the presently accepted combination procedure of sa- 
phenous ligation and retrograde injection of a sclerosing agent. Arterial 
spasm followed the division and retrograde sclerosis of the saphenous 
vein. It did not appear directly after the dirision and ligation of the 
vein. Since it did appear at varjnng intervals after the irritative effects 
of the sclerosing agent, and since it was roughly proportional to the 
degree of reactioji, one is prone to attribute the resultant spasm to the 
induced chemical plilebitis. No attempt had been made to detennine 
the occurrence of delayed arterial spasm in a scries of cases where just 
di's’ision and ligation of the vein had been pei-fonned. It is noted by us, 
and by othera, that ligation and division of the saphenous vein alone 
would be followed bj* collapse, occlusion, and thrombosis of the vein 
distal to the level of the ligation. Such effect might also induce a reflex 
arterial spasm and may be worthy of inve.stigation. 

CONCLUSIOXS 

1. The results of this study confirm experimental findings and clinical 
obseiwations tliat phlebitis, either chemical, infectious, or traumatic, 
may produce reflex ai’terial spasm. 

2. The widely practiced procedure of saphenous ligation and retro- 
grade injection of a sclerosing agent is commonly followed by a varying 
degi'ee of arterial spasm in the homologous extremity. 

3. Such resultant arterial spasm may precipitate a further increase 
of ai’terial circulatory insufficiency in instances where an impaix’ed 
aiterial circulation already exists. 

4. These observations emphasize the necessity for the determination 
of the degree of arterial sufficiency to the part when division and I’etro- 
grade injection of the saphenous vein are anticipated. Precipitation 
of an impending or partial arterial occlusion into a more complete fom 
may result from the arterial spasm induced by this procedure. 
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VASCULAE INSUFFICIENCY OF THE LOWEE BXTEEMITY 
DUE TO OSTEO]\rA OP THE PEIMUE 

Case Eeport 

Eobert M. Eankin, M.D., Seattle, Wash. 

(From the Department of Surgery, Washington University School of Medicine and 
the Barnes Hospital, St. Louis, Mo.) 

I N THIS paper is reported a patient with t3^pieal intermittent claudica- 
tion relieved bj" removal of an osteoma of the femiu-. 

Impairment of the blood supplj’’ of the lower extremity is a relatively 
common occurrence. In the great majority of cases the diminution in 
blood flow is due to intrinsic lesions in the walls of the arteries and veins. 
Nove-Josserand* has reported a case in which the femoral artery was 
traumatized against an underljdng femoral exostosis, producing a false 
aneurysm which caused impairment of the arterial suppl.v of the lower 
leg. Perusal of the literature has failed to reveal a case in which vas- 
cular obstraction was caused b}'' a benign tumor of the femur. 

CASE REPORT 

A. G., a 48-j'ear-old white man, was admitted to tiie Orthopedic Service of Barnes 
Hospital, July 18, 1944, and was discharged July 27, 1944. Sixteen years previous 
to admission the patient had noted a hard, painless swelling on the medial aspect 
of the left thigh just above the knee. This swelling gradually increased to the size 
of a lien’s egg over a period of six years, following which it had ceased to enlarge. 
Except for the presence of the tumor itself, the lesion had been asymptomatic until 
four years prior to admission when the patient began to notice that the left leg tired 
more easily than the right. This gradually increased in severity until seven months 
previous to admission when he developed intermittent claudication of the left leg. 
He was unable to walk more than a city block without experiencing severe pain 
in the left calf. The pain necessitated his resting, wliich immediately brought relief. 
The pain was described as a severe ache — “My calf felt like it was going to burst 
out.’’ The patient volunteered that the pain and walking were always accompanied 
by a great distention of the veins of the lower extremity. The pain so incapacitated 
the patient that he was forced to cease working two months previous to admission to 
the hospital. At that time he developed severe pain whenever he attempted to walk 
more than ten steps. 

On admission to the hospital the physical and laboratory examinations were essen- 
tially normal, with the exception of those relating to the local lesion. There was 
a hard, fixed, nontender mass 5 by 6 cm. in diameter located on the medial supra- 
condylar line 10 cm. from the distal end of the left femur. The left foot and lower 
extremity were cooler than the right, and the left dorsalis pedis and posterior tibial 
arteries could not be palpated. There were no tropic changes in the nails or skin. 
When the patient was in the supine position there was definite engorgement of the 
veins of the left lower leg. There were a few small varicosities around the malleoli. 
The skin in tliis region showed a dusky cyanotic discoloration. The cyanosis and 
the venous distention were increased in the dependent position. On elevation of the 
extremity the veins emptied slowly and the foot became slightly pallid. When the 
patient walked a few steps there was a great increase in the engorgement of the 
superficial veins and in the cyanosis of the lower leg. The tumor did not encroach up- 
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on tlie long saphenous vein. Tliorc was no edema. Eadiographs showed a typical 
osteochondroma of tho left femur with .‘•ome calcification of the femoral artery 
proximal to tlio lesion. 

Although it was thought that the osteoma and tho vu'-cular impairment probably 
were not related, it was decided that the tumor should bo removed. At operation, on 
exposing the area it was found that the pedicle of the osteoma nas located on tlie 
medial supracondylar line just distal to the tendinous ring through which pass the 



Fig. 1; — 0.steoma of the femur which obstructed the femoral artery and vein by 
compressing them against tlie tendon of tlie adductor magnus. The femoral artery, 
showing calciflcation in the wall whicli was clearly visible in tho original radiogiapli, 
has been delineated in thi.s print. 

femoral artery and vein. From its pedicle the tumor had gronm superiorly in two 
walnut-sized masses, one anterior and one posterior to tlic tendon of the adductor 
magnus. Tho Y formed by these two masses eompiessed the great vessels against 
the rigid superior margin of the tendinous ring, causing considerable distortion of 
the vessels and diminution of tlieir lumina. The pulsations of the femoral artery 
distal to the lesion wore present, but markedly diminished in volume. The femoral 
vein nas dilated distal to the obstruction so that the diameter of the distal segment 
was about twice that of the proximal segment. Tlie osteoma was removed and the 
wound closed in the routine manner. Pathologic diagnosis of the lenioved tissue was 
osteoma of cortical bone. 

The patient’s postoperative course was uneventful. Ho was allowed out of bed 
on the fourth postoperative day and volunteeied that for the first time in three years 
he was able to walk without pain. At the time of discharge no pulsations could be 
palpated in the left dorsalis pedis or posterior tibial arteries. The skin temirerature 
was higher than it had been before operatiorr, but it was still somewhat lower tharr 
that of the right foot. The venous engorgement had almost entirely disappeared. 
Two months following operation the patient still had some weakness of the left 
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leg and tiio extremity felt tired after prolonged exercise. However, he was back at 
work and there was no recurrence of the intermittent claudication. 

COMMENT 

Tliis patient’s circulatoiy disturbance apparently was due largely to 
the. partial obstnietion of the femoral artery and vein by the osteoma of 
the femur. The blood flow in the femoral artery was further decreased 
by the arteriosclerosis in the wall. This process in the vessel tvall ap- 
parently was caused by the trauma, and constriction of the vessel by 
the tumor. There were no signs or sjunptoms of arteriosclerosis in the 
opposite lower extremity, nor could calcification be seen in the radio- 
graph, or at operation, distal to the lesion. The onset of sjnnptoms did 
not occur until thirteen j-'cars after the appearance of the tumor and 
seven years after the patient thought it had ceased to grow. This was 
dxfe to two factors: (1) There was probably continued occult growth 
of the tumor into the soft tissues of tlie thigh after subjective enlarge- 
ment had ceased; and (2) there must have been a gi’adual increase in 
the arteriosclerotic process in the arterial walls, both generally and 
locally, which did not reach a critical point until approximately 
four years prior to admission, when the patient first developed sjnnp- 
toms. This patient had a gradual occlusion of the femoral artery ex- 
tending over a period of sixteen years, and yet adequate collateral circu- 
lation had failed to develop. This is consistent with the well-knoxvn 
paucity of anastomotic channels around the knee joint. The failure of 
edema to develop in the presence of markedly increased venous pressure 
demonstrates very nicely the fact that venous obstruction alone does 
not cause fluid retention in the tissues. 

Although the impairment of venous return was the most striking 
feature, it seems unlikely that this could have been responsible for the 
intermittent claudication. The case throws an interesting light on the 
controversial principle of ligation of the main vein of an extremity when 
the main artery is occluded. In this case the obstruction of tlie femoral 
vein was of a higher degree than that of the femoral artery. Following 
operation there was clinically a gi-eat improvement in the venous return 
without noticeable change in the arterial inflow. The fact that the pa- 
tient’s circulatory efficiency was obviously greatly increased after the 
operation by the improvement of venous return is a point against the 
validity of these principles. Symptomatic relief following operation 
was dramatic despite the failure of the arterial pulsations in the foot 
to return to normal. The continued absence of the pulsations was no 
doubt due to the secondary arteriosclerotic process in the wall of the 
femoral ai’teiy at the site of the tumor. 

‘ SUMMARY 

A case of intermittent claudication relieved by removal of an osteoma 
of the femur is presented. The vascular insufficiency was caused by ob- 
stiTiclion of the femoral artery and vein by the tumor and by secondary 
arteriosclerosis of the arterj". 



PLASTIC CLOSURE OF SKULL DEFECT 


Case Report Illustrating Use of Tantaluji Plate and Pedicle- 

Tube Graft 

C.VPTAIN 1\I. H. Harris and jMajor Barnes AVooduall, Medical Corps, 
Army of the United States 

T he repair of slaill defects caused bj’" Avar iii.iuries to militaiy per- 
sonnel has become a technical procedure of increasing importance 
in rehabilitation neurosurgery. Unpublished statistics collected from 
the existing neurosurgical centers in the Zone of the Interior show that 
a large proportion of such casualties maj’’ be returned to duty. Follow- 
ing the reports of Pudenz^ and Pudenz and Odom,- tantalum plate 
has been used extensh'ely for this purpose. Its strength, malleability, 
and lack of tissue I'eaction have recommended its clinical trial in an 
increasing number of eases. The various techniques for the formation 
and for the fixation of the plate have been described and found ade- 
quate in a sufficiently large number of eases.® 

Cranioplasty in otherAvise normal individuals, that is, indmduals 
without grave neurologic defect and convulsions, may be complicated 
by residual infection in the scalp, dura, or brain. It may be further 
complicated b}"- the necessity for staged procedures, and frequently by 
the problem of extensive scalp loss and its replacement by thin, atrophic 
scar tissue. Proposed incisions for cranioplasty for Avar Avounds of the 
head must be placed Avith due attention to the vascular supply of the 
involved scalp tissue. The failure to appi'eciate fully this fundamental 
surgical principle in a formidable instance of scalp loss and the subse- 
quent course of uncharted surgical therapy are illustrated in Case 1. 

CASE REPORT 

Case 1. — Aug. 7, 1943, a 30-year-old soldier received a severe penetrating wound 
of the left frontal region of the head when struck by a fragment of an 88 mm. 
shell. The missile produced a compound, comminuted, depressed fracture of the left 
frontal bone with dural and cerebral laceration. Incomplete debridement was per- 
formed forty-eight hours later. The wound became infected, and on Aug. 21, 1943, 
a secondary debridement was carried out with removal of bone fragments and two 
foreign bodies. A roentgenogram of the skull taken before this procedure shows the 
extent and character of the bony defect and the presence of a large shell fragment 
(Pig. 1). The resulting cerebral fungus subsided, and by September 22, healing 
was complete. During the first month following injury the patient was described 
as semistuporous, irrational, and irritable. There was cervical rigidity and weak- 
ness of the right upper extremity. 

Upon admission to the Ashford General Hospital, Nov. 15, 1943, the neurologic 
examination showed normal findings. There was a pulsating, locally tender skull 
defect in the left frontal region, covered by a large, stellate, thin and atrophic 
scar (Pig. 2). The mobility of the scalp was limited. The extent of the scar, its 
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location outside the liairlinc, and tlio limited mobility of tho scalp, appeared to pro- 
hibit a massive shift of scalp tissue rostrally, with its attendant secondary scalp 
defect. A primary pedicle graft was not considered. A decision was reached to 
carry out a concealed left frontal craniotomy incision well caudal to the scar, to 
dissect the scalp scar from tho underlying ccrcbr.al cicatrix, to replace tho dura 
by appropriate means, and to insert the tantalum plate with tho hope that tho 
atrophic scalp scar would remain viable. After healing of the proposed dural and 
skull graft, a secondary plastic revision of the scalp was considered a less dangerous 
procedure. 



Fig. 1. — X-ray of the skull, showing- defect and presence of shell fragment. ‘ 

Dec. 15, 1943, the scalp flap was reflected. A partially reformed dura was grafted 
and closed with interrupted sutures of fine silk. A slight leak of subaraelmoid fluid 
persisted between these sutures at the termination of this phase of the repair. A 
well-fitting, preformed tantalum plate was inserted, and fixation was secured by 
moans of tantalum wire sutures. Tho scalp flap was closed by the customary two- 
layer method of suture. At this time the broad scar appeared somewhat cyanotic. 
(Repair by B. W.) 

At the end of three days the greater part of the scalp scar had become gangrenous 
and had sloughed, exposing the underljdng tantalum plate (Pig. 3). Culture of an 
associated purulent discharge showed a hemolytic Staphylococcus aureus. Pyogenic 
invasion of the central nervous sj'stem seemed inevitable. Penicillin therapy was 
started -ndth 30,000 units given intravenously every two hours for eight days,' 
1^000 units every three hours for three days; and thereafter, because of local ir- 
ritation, 23,000 units intravenously eveiy three hours for 120 days. Packs satu- 
rated with penicillin, 100,000 units per cubic centimeter, were placed in the defect 
once daily. At no time was there any evidence of localized or generalized infec- 
tion of tho central nervous system. 
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Fig. 2. The patient before operation, showing thin adherent scar. 



o The patient after operation, showing the exposed tantalum plate after slough 

i?ig. a. jjjg of fhe scar. 
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Jan. 3, 1944, a double pedicle graft was prepared on tlic anterolateral aspect of 
tlio left arm (Fig. 4.4). On January 28, the proximal end of the graft was de- 
tached, sutured to the edges of the scalp defect, and held in place by a specially 
devised arm brace (Fig. 415). On February 17, the remaining pedicle was resected. 
Complete closure of the scalp defect was carried out April 8, and thereafter the 
graft healed perfectly (This stage performed by M. H. H.). Tlic appearance of 
the graft at the time of discharge, June 1, 1944, and the roentgenogram of the 
skull repair are illustrated (Figs. 5 and C). 

DISCUSSION 

The plastic revision of scalp defects has been accomplished in the past 
by the usual methods of transference of skin fi’om other areas of the 
bod)’’, by seeondaiy relaxing incisions, by undercutting tlie margins of 
the scalp defect, by stretching of the scalp, by the use of pedicled flaps 
of adjacent scalp tissue, and by such elaborate multiple, pedicle graft 
revisions as described by Tillmanus (Fomon'’). AVhen the slnill is de- 
nuded of pericranium, multiple diploic perforations may cause the 
development of a bed of granulation tissue upon wliich skin may be 
transplanted. The problem of replacing extensive scalp sears that are 
directly adherent to underlying cerebral cicatrices by nonnal scalp tis- 
sue has not received detailed attention. Cutaneous cerebral scars of 
sufficient magnitude to demand plastic repair may not be uncommon 
follovung massive, excavating war wounds of the brain, particularly as a 
sequel to the regi-ession of a cerebi’al fungus. Although determined efforts 
are made by neurosurgeons in active theaters to carry out primaiy 
closure without tension rvith the aid of extensive plastic procedures, the 
onset of wound infection may vitiate these efforts in a low percentage 
of cases.®'’’ 

The surgical principle involved, in the repair of cutaneous cerebral 
scars appears to be the prevention of central nervous system infection, 
no matter what specific method of plastic revision is selected. This 
necessitates complete closure of the dura by suture or graft, and a 
closure immune to infection is not technically possible. It follows, there- 
fore, that a potential infection must be prevented by bactericidal or 
bacteriostatic means. No method of plastic revision of a sear of this 
character will insure a primaiy closure of the operative field with the 
possible exception of a large pedicle graft from adjacent scalp tissue, 
with its deforming sequel. 

The method described in this instance may be a partial solution to this 
problem. Although the penicillin therapy was undoubtedlj^ overempha- 
sized and umieeessarily prolonged in the light of more recent experience, 
it appears indisputable that a potential invasive infection may be pre- 
vented with penicillin therapy. The sequence of events in this patient 
has demonstrated the remai’kable but characteristic inertness of the 
element tantalum in tissues. Successful pedicle grafting over a tan- 
talum plate has not been recorded in surgical experience, but there 
appeared to be no delay in the customarj’- healing time of such grafts. 
Moreover, the final cosmetic result was satisfactory. 
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COKCI-.USIOX 

Large cutaneous cerebral scars subsequent to extensive war wounds of 
the head present a problem in plastic revision tliat has not ])een solved. 
A case has been presented in which, tlirough an error in operative tech- 
nique, a tantalum plate Avas exposed after gangrene of an overlj-ing, 
thin, atrophic scalp scar. Invasive infection of the brain was prevented 
by the use of penicillin Avhile a pedicle graft was prepared and sutured 
into the resulting scalp defect. Healing of the pedicle graft sutured 
over the tantalum plate proceeded nonnally, and satisfactory cosmetic 
re.sult Avas obtained. Such a procedure, or a compo.site A-ariation Avith 
primaiy preparation of the pedicle graft, may offer a solution to this 
troublesome sequel of head injury. 
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PSYCHOSOMATIC FACTORS IN SURGICAL PRACTICE 

JosBrH A. SiiACTBR, M.D., Chicago, Ibb. 

(From IVcslcy Memorial JlospUal) 

T he inability to find an organic basis for a patient’s symptoms often 
poses the most iierplexing in’oblem ■which a surgeon must face. The 
easiest 'solution jilaces the patient in the position of being a malingerei’, 
or a neurotic, or in some other category of functional disorders. Phy- 
sicians n'ho have little insight, or great disinterest, in psyehosomatics 
are inclined to tell the patient reassuring]3’- that there is nothing wrong, 
and to urge him to “forget it.” But try as he maj^, the patient cannot 
forget the persisting vertigo, epigastric iiaiii, bloating, and other sjnnp- 
toms, and he consults another doctor about the operation he is sure he 
needs. 

In surgical practice it not infrequeutl.v happens that operations are 
performed for definite organic pathologj"", which are successful when 
measured by every accepted standard. Yet the patient complains of the 
recurrence of the same symptoms, or develops a new group Avhich may 
not be at all closelj^ related to the pi*evious. condition, and is bewildered 
and resentful when he is told that he is imagining things. 

It is well knoivn that emotional disturbances may exiDress themselves 
through the viscera and othei* organs, working via the autonomic ner- 
vous system to produce sjnnptoms which, as has been well said,^ ‘ ‘ are as 
little the result of voluntarj' processes or conscious intent as pulmonary 
tuberculosis, earcinoma, or heart disease, and equallj’- amenable to the 
magic of Irind words or admonitions.” These disturbances may have 
their roots in such difficulties as marital maladjustment, financial re- 
verses, frustrations and feelings of insecurity or inferiointy. The symp- 
toms so produced can be relieved onty b.v treatment of the cause, that 
is, bj’’ straightening out the patient’s psj'cbic tangle. 

This is not a new concept. The art and science of medical practice 
are as old as medicine itself. But in this daj^ of ijrecision and mathe- 
matical application, we are inclined to overemphasize the science and 
underestimate the art of pi-actice. 

The art of practice deals with the treatment of the patient as a whole, 
interacting ivith his pai-tieular environment. Bxtremelj^ significant 
are the family and friends who comprise the social enA'ii’onment. A 
more talented sibling, a disgruntled spouse, or a demanding mother-in- 
law maj' spark the s.vmptoms which are so distressing. A loafing busi- 
ness partner, an inadequately staffed office, a strike at the plant, or the 
marriage of an efficient secretary may start rolling a long train of 
trouble. 

Received for publication, Nov. 13. 1911. 
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The recent medical literature is replete Y’ith evidence of the current 
interest in psj'chosomatic medicine. A quai’terlj' periodical bearing the 
title Psychosomatic Medicine is a newcomer in the ranks of accepted 
medical joiirnals. In 1943, a full-grovui text, Psychosomatic Medicine, - 
the first of its kind, was published by two well-known teaching cli- 
nicians. This is a practical guide which should be of aid to every prac- 
titioner. It was followed b}’- another A-olume, Psychosomatic Diagnosis,^ 
an informative and revealing book. The last revision of Sir William 
Osier's Principles and Practice of Medicine* devoted the first forty- 
eight pages to psychosomatic interests. For years Alvarez has pleaded 
with the physician to study psychogenic symptoms instead of brusquely 
dismissing patients because of their “imaginaiy” complaints. In the 
preface to his ncAV book,'"’ an exeeedinglj' A-aluable treatise, he said : 

This is a "different” sort of book — one ^vhich deals more with sick un- 
happy persons than witli their diseases, more with symptoms and their mean- 
ing than with disease entities, more with the handling of patients than with 
the giving of medicines, and more with the puzzling, poorly understood and 
poorly described abdominal discomforts and indigestions than with the well- 
known organic diEea=cs such as ulcer, cholecystitis and cancer. 

Gastroenterolog;^' is. of course, the field in tvhich psychosomatic symp- 
toms are most obvious. Even a child learns that too much excitement, 
like too much candy, makes him sick at his stomach. Nevertheless, psy- 
chogenic factors do not, even now, always receive the attention they 
merit. A recent three-A'olume study of gastroenterologj' Avas criticized 
because in the consideration of sjmiptomatologj* the space devoted to 
psychogenic factors was inadequate from the modem point of view, and 
not enough attention was paid the relationship of psjmhosomatic factors 
to ulcer of the stomach and duodenum.® This criticism, in contrast to 
the woi’k criticized, indicates the growing recognition of the importance 
of psychosomatic medicine. 

Smith and BiAmrs” noted the relathm unimportance of the diet in the 
treatment of many ulcers, as shoAvn by the fact that an ulcer may cause 
seA'ere symptoms Avhich remain unchanged in spite of treatment, until 
the clearing up of some neiwous factor leads to prompt relief. These 
authors stated that the neiwous factor is the dominant causatiAm factor 
and added : ‘ ‘ It is not necessary to psychoanalyze the patient to treat 
the nervous factors. It is necessary^ to teach the patient to know him- 
self, his weaknesses and his nervous characteristics and to realize tiieir 
effect on his ulcer. ’ ’ 

Wakefield and Mayo,® in 1938, directed attention to functional dis- 
orders of the colon. Thej^ said: 

The clinical history of a functional disorder of the colon may subjectively 
reveal the presence of every known symptom which can arise from organic dis- 
ease of the colon. ... In eliciting the history, there are certain facts to be 
ascertained. Organic disease is likely to be ushered in with fever, loss of 
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weight and perliaps blood in the stool. A functional disorder arises during 
or following the stress and strain of a social crisis. 

These authors described iu detail the means of distinguishing be- 
tween functional and organic disease of the colon, and declared that 
when careful and complete examination reveals no somatic disease, it is 
essential to explain to the patient that the symptoms are derived from 
the autonomic nervous system and are not organic. They concluded : 

Surgical treatment of the functional disorders of the colon, as an adjunct to 
rational therapy, is definitely contraindicated. When operation is performed 
in the absence of organic disease, it denotes an error in surgical judgment 
.... A patient with a functional disorder of the colon may require surgical 
intervention for other abdominal disease, and fine differential diagnostic judg- 
ment is often required in such cases. AVlien it is necessary to operate under 
these circumstances, it is important to make sure tliat the patient understands 
that the proposed operation is not intended to alleviate tliose abdominal 
sj’mptoms referable to the functional disease. Surgical advice, ' therefore, in 
functional diseases of the colon consists, for the most part, of advice against 
surgical intervention. 

An operation will not cure all of a patient’s symptoms unless these 
are all due to the lesion for which the ojieration is performed. Brooks® 
reported that of fourteen consecutive patients operated upon for 
acute appendicitis, all of whom were obseiwed at operation to have 
definite acute inflammatory process in the appendix, seven were found 
on postoperative psychiatric examination to have evidences of anxiety 
sufficiently gi’ave to be of clinical significance. Two patients operated 
upon during the same period, who showed no organic change in the 
appendix, disclosed sufficient evidence to wai-rant the conclusion that 
the symptoms and signs which led the surgeon to operate were in 
reality manifestations of neurosis. 

Psychogenic factors in gymecologj’’ and obstetrics received extensive 
editorial comment iu The Journal of the Aonericmi Medical Assooiation 
in 1937. The Journal cited Mayer and stated d® 

Pelvic symptoms are exaggerated more readily than others because many 
emotional conflicts of women resulting from personal and social restrictions, be- ' 
sides the normal processes of menstruation, defloration and cliildbirth (all 
associated rvith pain and bleeding), center attention on the genital zone and 
predispose to undue anxiety in connection n-itli local symptoms. The func- 
tional cycles are under endocrine control, which is influenced by changes in 
the sympathetic nervous apparatus, increasing the vulnerability. Acute or 
chronic psychologic influences, such as fear or frustrated hopes, are associated 
not only with symptoms but with organic change. Amenorrhea may be a symp- 
tom of mental disorders of wide range. Irregular or excessive bleeding may 
have a psychopathic basis, although here diagnostic curettage should precede 
the drawing of such a conclusion. Prolonged mental treatment may be needed 
in dysmenorrhea, in which psychogenic factors are responsible or at least con- 
tributory. Certainly expert psychotherapy is indicated before radical operative 
intervention is attempted. 
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Seven years later a -wartime commnnieation from tlie Philippines 
provided striking e'\'idence that amenoiThea may he of emotional origin. 
Whiteaere and Berrcra/^ having ohseiwed the women in the Santo 
Tomas internment camp in i\Ianila, -wrote that 14.8 per cent of tliera 
suffered from amenorrhea probably due to "severe psycliic shock, 
■tt'ony and fear, -which, acting through the autonomic nervous sj'stera, 
caused a complete suppression of ovarian function.” Pood deficiencies, 
chronic diseases, and other factors, these authors stated, -were ruled out. 

Psj'chosomatic symptoms m.ay, of course, direct attention to other 
than gastric or gj'iiecologic problems. Douglas-Wilson,^- writing on 
the somatic manifestations of psyehoneurosis, .suggested the protean 
nature of iisyehogenie functional symptoms, lie studied 2.31 psycho- 
neurotie patients in a militaiy hospital and said : 

Kearly all exhibited localized .«yinptoins referred to various organic sy.s- 
tems. Cardiovascular di-^-order-s such as dyspne:i, palpitation and prccordial 
oppression were frequently the most distressing eoniplainls. In other in- 
stances the primary sj-niptomatologj- nas referred to the che.sl, the central 
nervous system or the digestive and urinary tracts or was constituted by gener- 
al manifestations, including weakness, nervousness, lieadache and dizziness. 

"When after painstaking examination the surgeon discovers that his 
symptom-ridden patient is free from organic disease, what is he to do? 
He may hy this time have an inkling of the source of emotional conflict 
or fear. Is it proper for liim to try to liandle the situation himself? 
The Journal editorial previously quoted concludes; 

Some objections have been raised as to the propriety of the administration 
of psychotherapy by one wlio is treating organic ills as well, but in the great 
majority of cases no gi-ound for such objection exists. Most of those patients 
do not require fomal psyclioanalysis but pcriiaps only simple suggestive 
treatment, which is best received by tlicir own physician. tVhat is obviously 
required is tlie gaining of the patient’s complete confidence, an intelligent 
psychanamnesis, the removal of anxiety where possible, assistance in the ac- 
ceptance of a reality, instead of a retreat from it, perhaps a change of en- 
vironment, a building up of the general resistance, local treatment ivith its 
suggestive potency, and the judicious use of sedatives, -a-ith recourse to a 
psychoanalyst familiar aitli tlicse problems when necessary. 

The incidence of psychosomatic disease has in itself a bearing on 
the problem. Ko-vtmtree,^-’’ discussing Armj^ rejections for nenropsy- 
cliiatric reasons, said that psychosomatic disease, -svhich in peacetime had 
a high incidence among wdiite persons but a very lo-\v one among Negroes, 
is increasing in both wliites and Negroes. Menninger^^ quoted Surgeon 
General Nonnan T. Kirk to the effect that 50 per cent of all cmlian 
patients of all doctors have .sjunptoms derived from emotional dis- 
tui’bauces. This author went on to point out that there cannot possibly 
be enough psychiatrists to handle the problem. Every person prac- 
ticing medicine, be declared, should be as firmly grounded in psychiatry 
as in the other basic medical subjects and so be i^repared to treat the 
minor personality disorders. 
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If Menninger's suggestions with I’egard to medical education are car- 
ried out, the medical schools will provide basic training in psychiatry 
for the surgeon of the future. The surgeon of today who lacks such 
training and wishes to equip himself to deal with psychogenic factors as 
they appear in his practice can do so through postgraduate courses 
and study of the available literature. 

The following case reports illustrate many phases of psychosomatic 
relationships which the surgeon who wishes to save his patients much 
suffeiung, physical and mental, might bear in mind : the gi’eat variety 
of psychogenic symptoms which suggest to patients that they need an 
operation ; the necessity of complete physical, laboratoiy, and roentgen- 
ologic examinations to eliminate or reveal organic disease; the neces- 
sity if somatic factors are eliminated of unhurried, careful, and sym- 
pathetic investigation of the possibility of psj'chic disturbances ; if these 
are found, the need of tact and patience in dealing with them; and, 
finally, the rich reward tlie surgeon feels in the knowledge that he has 
avoided an unnecessary operation and has restored to health a patient 
who might have gone through life a victim of fears, anxieties, and de- 
bilitating symptoms. 

CASE REPOR.TS 

Case 1. — Mrs. J. M., a white woman aged 43 years, of English ancestry, 
complained chiefly of pain, in the right lower quadrant, vertigo, pressure in the 
chest, and bloating. A hysterectomy and appendectomy had been performed six 
years previously. One physician who had recently examined the patient had sug- 
gested an exploratory operation. A second had told her that there was no need 
for surgical intervention, that she was just imagining her discomfort and should 
forget about it. 

My examination confirmed the absence of organic disease. Questioning elicited 
the fact that family discord resulted in much tension, with insomnia and a state 
of anxiety. Apparently the autonomic nervous system had chosen the colon as its 
seat of expression. The patient was certain that cancer must be developing. 

Eepeated reassurance of the absence of any organic disease and discussion of 
the causes of the patient’s emotional tensions gradually relieved her fear of ma- 
lignancy. She has become a healthy, much happier woman and has escaped be- 
coming a victim of multiple operations. 

Case 2. — Mrs. E. L>., a white woman aged 44 years, divorced, complained of pain 
and pressure over the goiter area, epigastrium and lower part of the abdomen, 
cardiac palpitation and oppression, vertigo, nausea, and irregular menstrual bleed- 
ing. In the past several months she had lost twenty pounds. 

Seven years before, a cholecystectomy had been performed, and at that time the 
patient had been apprehensive of malignancy. After an uneventful recovery, 
however, her fears were allayed. Recently a cousin had died of cancer; her his- 
tory had been almost identical with that of the patient. Both parents of the 
patient had died of cancer. During a recent examination elsewhere she had been 
abruptly informed that she, too, miglit have a cancer. 

The patient looked extremely worried; she was thin and haggard, with tears in 
her eyes. A fine tremor of the Irnnds was noted when she lighted a eigaret. The 
pulse rate was 100. 

Physical examination showed nothing organically wrong except a uterine fibroid 
tumor the size of a large orange. The adnexa were not involved. Laboratory tests 



434 


SURGERY 


gave normal results. The basal metabolic rate was plus 2 per cent and the elec- 
trocardiogram normal. 

The patient was hospitalized for observation. On the evening of admi.csion she 
complained of increased dyspnea and cardiac piiin. It was apparent that these 
sj-mptoms had followed receipt of flowers from her divorced husband, whom she still 
loved and admired. After she had been reassured and her attention directed to 
the obvious emotional reminder of her former husband, the symptoms subsided. 

Each morning time was allotted for a discussion of the patient’s emotional fears, 
and her attention was directed to the lack of symptom relationship between a 
uterine fibroid tumor and vertigo, nausea, cardiac palpitation and ojipression, 
dyspnea, and goiter distress. One-quarter grain of phenobarbital was administered 
four times daily. The patient was reminded of her previous cancer phobia and 
its disappearance. 

Each day a small but definite improvement ■was observed, so that when the ne- 
cessary operation was performed eight days later the symptoms other than the 
abdominal pressure had all but disappeared. The resident noted on the chart two 
days before operation: “The patient feels better than at any time in the past 
several months.” A supracervical hysterectomy was performed and the fibroid 
tumor, to which but few adhesions ivcre found, removed. The jiathologist’s diag- 
nosis was “fibroids and fibrosis of the uterus, chronic hyperplastic endometritis.” 
The surgical convalescence was uneventful. The patient lost the appearance of 
fear, her appetite improved, and she even became cheerful. Her attention was 
repeatedly directed to the fact that all her symptoms except the pressure in the 
lower part of the abdomen had vanished before operation and so could not pos- 
sibly have been, related to the tumor. 

Comment . — The importance of clearing up the psychosomatic sj'mp- 
toms before operation- cannot he overemphasized. Clearly, iDersistence 
of such symptoms after surgery would have led this patient to believe 
that a disease itrocess of some sort had been overlooked at operation. 
Such an occurrence took place in the follotving case. 

Case 3. — Mrs. B. F., a white woman aged 39 years, of German ancestry, com- 
plained of precordial pressure and dj-spnea, which were especially severe when she 
was nervous, and of abdominal pain and fullness, with gas on the stomach var)-- 
ing as to location and intensity. These symptoms had been present for several 
years, and she was afraid of cancer. The history disclosed that she had always 
been nervous and sensitive and had feelings of insecurity. Eight months before, 
a competent surgeon had operated for bilateral hydrosalpinx, removing the fal- 
lopian tubes and performing uterine ventral suspension. A letter from this sur- 
geon did not mention nonorganic symptoms continuing postoperatively. 

The patient insisted that an exploratory^ laparotomy be performed. Slie was 
convinced that an abdominal cancer had been overlooked. 

Complete physical, roentgenologic, and laboratory examinations gave negative 
results. The patient weighed 110 pounds, although she should have weighed about 
130. Since she had emotional difficulties 'which required psy-chotherapy, she was 
referred for such therapy. Within a few weeks her symiptoms, including the can- 
cer phobia, had vanished and she had gained twenty-three pounds. Today she is 
a healthy-, happy person and has avoided useless and traumatizing multiple 
operations. 

Comment . — This patient had emotional and nervous factors whose 
resolution appeared to be beyond the scope of the surgeon, and she was 
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therefore referred to a psycliiatrist. The clinician and surgeon should 
remember Ilinsie’s Avarningd'' 

The aim of ‘psychotherapy from the standpoint of the nonspccmlist should 
he restricted to the treatment of conscious material. Alany of tlie patients 
whom he sees can be cured by psychotherairy of tlint part of the mind known 
as the conscious. The unconscious, that is, the hidden part of the mind, is 
the province of tiie specialist, is the province of tliosc who are well familiar 
W'ith the structure and function of the unconscious. 

Case 4. — H. P. B., a white man aged 52 3-cars, married, a lumber salesman, for 
the past eight months had had pain in the upper part of the abdomen. Pood 
might aggravate the distress but just as frequentfv served to alla3- it. The t3’pe 
of food seemed to have no bearing on the situation. Belching and bloating were 
frequent. During the previous six months the patient had lost twent3'-one pounds. 
Insomnia occurred repeatedl}'. Six 3’cars before, after a diagnosis of cholelithiasis, 
chronic cholec3’stitis, and interval appendicitis had been established, a cholec3'stcc- 
tom3' and appendectom}^ were performed. 

The patient’s father and paternal grandmother had died of gastric carcinoma, 
and a paternal aunt had died three 3'ears after a mastectom}- for a malignant 
tumor. The patient insisted that he, too, must have a cancer because of the ab- 
dominal symptoms and loss of weight. 

Examination disclosed definite epigastric distress, but no mass was palpable. 
Eoentgenograms of the gastrointestinal tract showed nothing abnormal except a 
slight deformity of the duodenal bulb, wliich the roentgenologist interpreted, not 
as an ulcer, but rather as the result of adhesions to the gall bladder previously 
removed. An electrocardiogram and basal metabolic studies gave normal results. 
Routine examination of the blood, stool, and urine showed nothing abnormal. 

The patient was informed that no organic cause for his symptoms had been 
found. He demanded an immediate exploratory laparotom}' because he was sure 
there was a tumor which had not been revealed by the films. Surgical interven- 
tion, we assured him, was not indicated. 

Detailed inquiry revealed several factors which suggested an emotional rather 
than a somatic causation of his symptoms. His family’s history of malignancy 
was definitely preying on his mind. The financial depression had all but wiped 
out his modest fortune, and his business had fallen off. His wife was in the 
throes of the menopause, with its accompanying depression, flushes, and extreme 
irritability. His SS-year-old mother lived in his home and needed almost con- 
stant attention. 

The relation of the patient’s numerous anxieties and worries to his abdominal 
complaints via the autonomic nervous sy-stem was explained. His wife was given 
the necessary estrogen therapy and soon was much improved. The mother was sent 
to live with a sister. The importance of accepting reality and making the best 
of it was impressed on the patient during a number of visits to the ofiSce. His 
attention was repeatedly directed to the fact that there was no physical cause to 
account for his symptoms. The futility of an e.\-ploratory operation was re- 
emphasized. 

The abdominal discomfort gradually decreased, with only an occasional flare-up. 
The twenty-one pounds lost w-ere regained, plus an additional five pounds. The 
insomnia disappeared after several weeks and has not recurred. When last ob- 
served, the patient had been symptom-free for many months. Now and then he 
would have slight abdominal distress or a brief period of belching, which could 
invariably be traced to an emotional upset. His wife, now in excellent health her- 
self, recently stated that he was feeling fine and apparently had decided that no 
malignant growth existed. 
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Comment . — this case an exploratory operation might ■well have re- 
sulted in sei’ious emotional li’auma. The original sj^mptoms -would un- 
doubtedly have persisted, as in Case 3, and might even have been aggra- 
vated. 

Case 5. — B. K., a whife man agcil o4 years, of Irish ancestry, an office acl- 
niinistrator, complained of pain after eating, sensitivity in tlic lower left part of 
the abdomen, and constipation, all of many years’ duration. The distress might 
disappear from the abdomen, only to recur several hours later, and might even 
rnigrate to the chest. Fatigue was always present. The histoiy disclosed that the 
patient had boon nervous .for many years, V'arious physician.s had prescribed 
rest, medication, and vitamins, but these gave little help. Even when the patient 
was on vacation the symptoms persisted, lie was convinced that he had a tumor 
which could be discovered and removed only by surgical operation. He had been 
referred to me by a patient who had had a cholecystectomy performed, with an un- 
eventful recovery and convalescence. 

Complete phj’sical examination and routine laboratory studies were carried out. 
In addition, roentgenograms of the gastrointestinal tract and gall bladder, an 
electrocardiogram, and basal metabolic studies were undertaken. The results were 
negative. 

iferely to inform the patient that his sjTnptoms had no organic cause would 
have been to leave his sj-mptoms unchanged. It was essential to go a step farther 
in the investigation. The lead of nervousness recorded in the history was fol- 
lowed, and it was learned that the patient had always been upset emotionally after 
criticism, chastisement, or ridicule. 'When he was a boy his father had dominated 
him and had been critical and unkind. Visits to the home of his parents were 
still accompanied and followed by abdominal distress. In high school, in college, 
and at work, censure, reproval, fault linding, and too critical analysis of his ac- 
complishments invariably precipitated abdomin.al distress or a burning sensation at 
mealtime. 

The patient’s intelligence would have been insulted if lie bad been told that 
there was nothing wong, that he should go home and forget his symptoms. The 
fact that no organic cause could be found to explain the presence of pain did not 
mean that the pain was not present. Certainly surgical intervention was contra- 
indicated. 

On several subsequent visits to the office the patient’s attention was directed to 
the fact that his discomforts appeared to be directly related to emotional reac- 
tions of inadequacy. He Jiad been frustrated in his relations with his father, with 
his teachers, and now with his office associates. Feelings of frustration were 
present whenever he felt that unnecessary or unjust criticism was being leveled at 
tiim. He invariably blossomed under praise. A feeling of inadequacy had been 
built up as a result of the repeated emotional trauma. 

It was explained to the patient how his gastrointestinal tract was involved by 
the autonomic nervous system in the expression of his emotions. He was guided 
toward a constructive acceptance of criticism. He was encouraged not to allow 
criticism to register as an emotional blow, to take it as a passing remark rather 
than as a personal affront. 

Case 6. — Mrs. C. E. B., a white woman aged 67 years, of Irish ancestry, com- 
plained of nausea and of pain in the abdomen shifting from the upper quadrants, 
especially the left, to the lower quadrants. These symptoms had been present for 
several years but had been more pronounced the past four or five months. The 
patient said she frequently felt tense, “as though in a vise.’’ 

The patient was well nourished and not acutely ill- Physical examination re- 
vealed "vagne tenderness over the right lower quadrant and a large smooth mass tO 
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the right and independent of, but adhernt to, the uterus, probably an ovarian 
cyst. Complete roentgenologic studios of the gastrointestinal tract and the gall 
bladder gave negative results, as did- all laboratory investigations. 

Yfith some hesitation the patient revealed that she had had coitus with her 
husband several months before, after ten years of abstinence. She felt certain 
that something had happened in the vagina, a tear or inflammation. Sliortly there- 
after she consulted a plysician, who discovered a mass in the lower part of the 
abdomen and informed her, in jest but with a straight face, that she must be 
pregnant. After successive examinations he told her that the mass was grow- 
ing larger, but he made no further mention of pregnancy. 

With trepidation in her voice, the patient said she was sure that she was preg- 
nant, with a freak pregnancy, and that the doctors would not tell her. She re- 
called reports that children of 5 and 9 years had become pregnant — why not a 
woman of 67? “And that would be awful, doctor!" She admitted that she 
had always disliked coitus. Considerable time and patience were taken to explain 
that no pregnancy or vaginal lesion existed, and during the next several days the 
patient showed great improvement. There had been no sjauptoms from the ovarian 
cyst, and the psychosomatic symptoms disappeared. One week later a periovarian 
cyst 15 cm. in diameter was removed, and the postoperative course was remarkably 
free from complications. The patient was discharged thirteen days later, feeling 
healthier and happier than she had been in j-ears. She has since been seen several 
times and continues in good emotional and physical health. 

Cask 7. — ^Mrs. E. B., a white woman aged 36 years, an American of Lithuanian 
ancestry, complained of pain in the right lower quadrant and the lower part of 
the spine. She believed that this pain was due to an ovarian cancer. Burning 
pains, like those of rheumatism, occurred in the upper part of the chest, both front 
and back. There were urinary frequency and diarrhea, and belching occurred 
after meals. The patient had frequent attacks of cardiac oppression and palpi- 
tation, with vertigo. She had a fear of impending disaster, that she might col- 
lapse and no one be present to give aid. She stated that she had always been 
nervous but that during the past two years the symptoms listed had become much 
more severe. 

The history disclosed that two years earlier a sister had died and that, shortly 
thereafter a second sister had committed suicide. Prom that time the patient had 
frequently been troubled with insomnia and with unpleasant dreams of these sisters 
and of the cemetery where they were buried. Her mother had impressed her with 
the superstition that dreaming of the dead, especially in the immediate family, meant 
that another death in the family was sure to occur. The patient was convinced 
that she would be the next to die, and she had frequent fits of crying and depression. 

Complete physical examination revealed no pathologic change except a large 
cyst of the right ovary. This cyst could not possibly have accounted for the long 
list of symptoms. Laboratory examinations revealed nothing significant. Com- 
plete roentgenologic studies of the gall bladder and gastrointestinal tract gave 
negative results except to show moderate spasticity in the descending portion of 
the colon. 

The lack of physical findings except for the ovarian cyst was explained to the 
patient, as was the impossibility that her many symptoms could be related to the 
cyst. The fact that her disability was out of proportion to the disease present was 
emphasized. A number of consultations were needed to convince her that her 
symptoms had no somatic foundation but originated in her basic fears, conflicts, 
and apprehensions. Time and patience were taken to e.xplain that the autonomic 
nervous system influences the heart, stomach, colon, bladder, and other pelvic or- 
gans, and that anxiety- and worry had resulted in certain reactions in these organs, 
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producing tlic Fyniptoins of which she had complained. Gradually, after rcas.'sur- 
ance and repetitive discu.‘*?ion of her emotional fears, her various complaints di.«- 
appeared. 

The ovarian cyst, which proved to he ftl cm. in diameter, was then removed, and 
the patient made an uneventful recovery. The only symptom which remained was 
occasional pressure and pain in the right lower quadrant. Both the ])aticnt and 
her husband state that they cannot recall when she has been as healthy, happy, 
and cheerful. 

Cammciii . — Obviously the biz.arrc syniptoins could not have been 
catised by a simple ovarian cyst, the only lesion present. To have 
operated before eliminatiii" the p.syeliosomatic symptoms tvould have 
been, to risk contiiuiation of tbe.se symptoms and po.ssibly another opera- 
tion because of the cancer phobia. The patient’s netv understanding 
of the psyebodynamic implications sen-ed to clarify the basis of her 
fears and thus to eliminate them. 

SUMMMtV AXD COXCUXj'SIOXS 

Psychosomatic syniittoms in patients who consult the surgeon must 
not be ovei'looked or ignored. They are as real and as significant as 
are the s%'raptoms which are organic in nature. They are the expres- 
sion of emotional disturbances, manifested A’ia tlie autonomic nen'ous 
system as organic complaints. To tell the patient to foi’get them, and 
to do nothing to relicA'c them, is to neglect a Autal phase of the art of 
healing. 

Psjrehogeuic symptoms frecpiently simulate the effects of organic, 
operable lesions. The surgeon, therefore, sees man 3 ^ patients who 
present them. By recognizing them for what thej* are — neither evi- 
dence of a somatic disease process nuA-erified despite phj'sical and laho- 
ratorj^ dnA’e.stigatio]is, nor cA'idence of a true neurosis — ^Iie Avill avoid 
needless surgical procedures and saAm his patient much mental and 
phj-sieal sufferings. 

"When a patient is found to have an operable lesion, but one Avhich 
could not possiblj^ be the cause of all liis manj' complaints, it is ex- 
tremelj’’ important to clarifj* the unrelated SA*mptoms before the ne- 
cessarj' surgical procedure is undertaken. Otherwise these maj' Avell 
persist after operation, and it will be a difficult task indeed to convince 
him that he does not haA^e a lesion Avhich Avas OA^eidooked at operation. 

Cases cited from a surgical practice illustrate some tj^ies of ps3’- 
ehosomatic sj-mptoms which a sui’geon is apt to encounter, and detail a 
variety of causative factors and methods of dealing Avith them in order 
to secure for the patient improA'ed mental and phj’sical health. 
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IODINE AND THYROID] S:M 


Alfred II. Iasox, M.D.,® Brooklyx, N. Y. 

HISTORICAL 

B ernard CURTOIS ivliile cxpei-imentin" in tbe extraction of alkali 
from seaweed, discovered iodine (1811). 

After Fyfe had isolated iodine from sponges, Jean Francois Coindet 
(1820), of Geneva, maintained that tlie element is the active constituent 
of burnt sponge and is effective as a remedy for diseases of the thj-roid. 

Trausseau (1868) experimented with tlie use of tincture of digitalis 
instead of iodine, in the treatment of goiter. 

Plummer (U.S.A.) was the finst to popularize the use of iodine in 
exophthalmic goiter. 

Charles Edouai-d Brown-Sequard, in 1889 (antedated bj' Ru 3 'sch, 
Johannes kliiller, and othei’s), made an epochal report to the Biological 
Societ}’" of Paris. His experiments indicated that tlie ductless glands 
furnished substances to the blood whieli influenced the oi’gans of the 
body to a pronounced degree. 

In 1895, Magnus-Levj’ fed dried animal thj’roids to nonnal men and 
made the original observation that their metabolic rate was considerably 
increased. 

Prom about 1893 onward, he used the Zuntz-Geppert technique in 
his estimation of the metabolic rate, uitli the realization that the effect 
of disease on metabolism could not be appraised without the study of 
normal controls. 

It thus became evident that the gland must contain a potent chemical 
substance able to influence manj^ other organs. Kocher propheticallj’’ 
suggested that this substance might contain iodine, which was loioivn 
to have beneficial effects when given to cretins. Somewhat later (1896) 
Baumann discovered that the thjwoid contained large amounts of iodine 
in combination vuth organic .substances, chieflj' globulin. This he de- 
nominated iodothj'i’in (later thj’roiodine) and showed that from the 
purest thjwoiodine 9.3 per cent of iodine could be obtained in crj^stalline 
form. 

As a result of the work of Kendall (1913-1919) and Harington 
(1926-1930), a pui’e chemical substance was finalty isolated from the 
thjnoid gland. Kendall named it “thj^roxine.” When this substance 
was injected into men (or beasts) the sjuaptoms of hj^perthyroidism 
were produced.] 

Heceivefl for publication, Nov. 2, 1944. 

‘Attending Surgeon, Adelphi Hospital; Director of Surgery, Brooklyn, Home for 
the Aged. 

fJoumal of Experimental Medicine, 1915. 
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HISTOLOGY AND PHYSIOLOGY 

It must be recalled that the units of thjH'oid tissue arc glandular 
vesicles or acini which are lined by a layer of epithelial cells. They re- 
move iodine from the blood and convert it into an active hormone. A 
constituent of this hormone, thyrotoxinc, was identified and later syn- 
thetized. 

Among the factors which influence the functional activity of the 
thyroid are the amount of available iodine for synthesis and the pituitary 
thyrotroiiic hormone. The substance formed by the thyroid cells passes 
into the lumen of the vesicle where it is stored as a colloid. This is 
resorbed through the thyroid cells and sent into the blood stream. 

The histologic structure of the gland is a gauge of its functional 
activity. Inadequate activity, or overactivity, may consequently be 
evidenced by histologic examination. Not only is the activity of the 
normal thyroid tissue cyclic, but in diseased thyroids different parts 
of the gland maj^ show different degrees of function or actual dysfunc- 
tion. 

Dr. Joseph G. Hamilton, Dr. ]\Ia3m H. Solcy, and Dr. Carl B. 
Eichom, of California University, described a method bj’- which it is 
possible to correlate the deposition of administered iodine in the thyroid 
with the histologic structure of the gland. Thej’’ wi'ote as follows : 

Two days after the administration of a radioactive isotope of iodine 
the thyroids were extirpated and sections were prepared from the glands. 

The sections W’ere placed against photographic plates on which the beta 
radiation from the accumulated radio iodine produced areas of darkening. 
These images made a pattern of the distribution of the stored radio iodine 
in the sections of thyroid tissue. Each exposed film was compared with its 
coriesponding section under a microscope. Tliis technique was employed to 
compare the deposition of the administered radio iodine with the liistologic 
structure of the tliyroid tissue obtained from five patients with nontoxie 
goiters, two patients -with carcinoma of the thyroid, and two patients with 
hyperthyroidism. In all the varieties of thyroid tissue examined the areas 
of hyperplasia were found to have the gieatest ability to concentrate the 
administered radio iodine. This phenomenon was most clearly shown in the 
glands of patients with nontoxic goiters. . . The selective accumulation of 
radio iodine by hyperplastic thyroid tissue indicates that this radio-active 
element may be of therapeutic value in liyperthyroidism.* 

It has been shotvn time and again that the follicular cell is the unit 
of thyroid function and may nndergo, like all large and minute tissue 
entities, hypertrophy and hj^perplasia with increased activity. This 
unit appears to he the prime factor in thyroidal physiology and path- 
ology. Under normal conditions the cell is cuhoidal, with clear cyto- 
plasm and a nucleus situated near its base. This appearance is subject 
to slight variations largely dependent on the degree of glandular ac- 
tivitiL At rest the cell is readily stimulated (particularly by iodine) 

•mibUcatlon in Pharmacologj-, University of California. 
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Fitr 1— A 27-vGar-old -a-Wto man with a basal metabolic rate, of, plus 49 ^ a^ 

A^fJaTcafMus^^^^ of the Thj-roia Gland. 

Army' Medial Museum, February, ISt'l.) 



9 . A 22 -year-old white man who had a basal metabolic rate of^.Plu^s 
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and in conseciuence becomes columnar, with its cytoplasm granular and 
its nucleus elevated. This mutation likewise occiu'S through glandular 
activity which obtains at puberty, menstruation, and pregnancy. A 
decreased intake of iodine results in an increased colloid storage. The 
cell then loses its euboidal form, becoming flat. The cytoplasm is almost 
indistinguishable and the nucleus, magnified, appears to occupy the cell 
in its entirety. This has been denominated the “inactive or resting 
stage.” In an advanced phase the nucleus is faintly visible, the cyto- 
plasm poorly stained, and the cell properly flattened. 



Fig. 3 — A man 31 years old, with a plus 70 basal metabolic rate, received iodine 
lor seventeen days prior to surgery. Pathologj': This section shows alternating areas 
of hyperplasia and involution. Compare tlie height of the flattened epithelium of the 
mvoluted follicles with that of the tall hyperplastic cells. (17. S, Army Medical Mu- 
seum Negative No. 75851, Pathology of the Thyroid Gland, Army Medical Museum, 
February, 1944.) 

Tlie variety of epithelium lining the follicles is the most important 
index of thyroid activity. It is clearly axiomatic that : (1) Tall colum- 
nar epithelium resorbs hormone from the follicular lumen and dis- 
charges it into the blood stream; (2) liigb euboidal epithelium actively 
produces colloid; (3) low euboidal epithelium produces colloid slowly; 
(4) low, fiat epithelium is inactive. (See Figs. 1 to 5.) 

The height of acinar epithelium, therefore, acts as a measure of 
functional activity and in all probability also as a functional measure of 
(he thyrotropic hormone of the pituitary. Slarine and Lenhart, writ- 
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Fig. 4. — ^Flattened epithelium of involuted follicles seen in Fig. 3 (V. S. Army Med- 
ical iluseum Kegative No. 75825, Patliology of the Thyroid Gland, Army Medical 
Museum, Februarj-, 1944.) 









Fig. 5. — A 39-year-old white man. Basal metabolic rate was plus 45. 

The follicles and their epithelium show all stages of transition from the byperpi^u^ 
to the normal. The unusually large follicles distended with colloid are hypermvoiut^- 
In some areas the epithelium is abnormal and resembles the tyjies seen 
adenomas. (U. S. Army Medical Museum Negative No. 77415, Pathology or m 
Thyroid Gland, Army Medical Museum, February, 1944.) 
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ing of tlie tliyroid-pituitary relationship, concluded that the thyroid 
secretion affects the pituitary to the same dcgi-ee as the thyrotropic 
principle of the pituitary affects the thyroid^ Herring found that the 
neural posterior lobe of the pituitary is also involved in hypeithyioid- 
ism.i 



Fig. 6. — Graph of ten typical cases of diffuse toxic goiter (hyperplasia) illustrating 
the effect of iodine therapy and surgery on the basal metabolic rate. 

It is obvious that the iodine content of the gland is the determinant 
factor in its activity; if the total is adequate there is no dysfunction 
but if it di’ops beloiv a specific level, accelerated activity and hyper- 
plasia are exigent for ph3'siologic requirements. 

It is of interest to note that the thyroid glands of fetuses and of 
newborn infants are iodine-free. The gland in herbivora has a high 
iodine content, while that of carnivora has the lowest iodine content 
(Baumann, Boss, and Oswald). 


•Archives of Internal Medicine, 1911. 
■fProceedings of Royal Society of Medicine. 1921. 
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followed by surgery. 



Fig. 8. — Reduction of basal metabolic rate in ten cases of cardiotoxic goiter (Hertz- 
ler) after iodine therapy and surgery. 
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The basic function of the thyroid is tlie production of thyroxine to 
maintain the metabolic rate higher than it would be otherwise and 
through variation in activity to alter the metabolic rate in accordance 
wth physiologic needs. Eecent inve.stigations have shown, however, 
that the symptoms of increased thyroid activity caused by hyperplasia 
of the gland are not invariably accompanied by a raised basal metabolic 
rate. (See Figs. 6 to 9.) 



With a total cessation of thyroid function the oxygen consumption 
or basal metabolic rate falls to 40 per cent. Incidentally, 1 mg. of 
thyroxine causes an increase in metabolism of about 1,000 calories in a 
normal person. 

The thyroid hormone is present in its highest concentration in the 
thyroid gland but has been found in nearly all body tissues, including 
the skin, and in tlie body fluids. In the blood 60 per cent of iodine 
is alcohol-insoluble (thyroxine) and 40 per cent alcohol-soluble. This 
balance, however, is disturbed in thyroid disease; in hyperthyroidism, 
for example, there is a relative increase in the alcohol-insoluble fraction! 
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The normal thyroid contains 10 mg. of iodine at a concentration of 
40 mg. per cent hj* weight. This is largely present in the colloid. The 
nonnal iodine content of the blood is 12 microgi'ams per cent. This 
indicates that the normal blood contains 120 parts of iodine per billion. 
The blood iodine is increased in patients with hj^perthyroidism and is 
less in normal persons. (The normal daily iodine requirement is about 
0.2 mg. per day; the average amount actually taken on ordinarj^ diets 
is about 1.0 mg. per da.y.) After administration of iodine there is an 
increase in the iodine content of the thyroid. Administered iodine 
becomes stored and finnly bound witbin the thyroid almost instantane- 
ously, but in some obscure form, not as thyroxine, for sjuithesis of the 
latter requires a number of hours (Fig. 10). 

It is known that iodine and thyroid function are interdependent be- 
cause the gland is the principal storehouse of the element. So far as 
is known it is the onlj* organ capable of elaborating an iodine-containing 
substance. 




Fi&. 10. Iodine content of thyroid, blood, and urine in a normal individual. 

The fundamental features of iodine metabolism in exophthalmic 
goiter are the following: (1) In untreated patients the thyroid gland 
iodine is lessened; (2) the blood iodine is usually increased in untreated 
persons; (3) the urinary excretion of iodine is ordinarily increased; 
(4) exophthalmic goiter reveals a progressively decreasing iodine bal- 
ance. However, patients with toxic nodular goiter present an even 
greater negative iodine balance due to a greater urinary excretion, and 
immediately foUoiving thyroidectomy a rise occurs in the blood iodine 
of noniodinized patients, whereas there is a decrease in those treated 
■with iodine (Figs. 11 and 12). 




Fis. 11. — Iodine metabolism in individuals with diffuse toxic goiter (hyperplasia). 

i 
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Iodized 
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Fig. 12. — The iodine content that prevails in a nodular toxic goiter (adenomatous), 
preoperatVvely, before and after iodinization, and postsurgieally. 
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PATHOLOGIC PHYSIOLOGY 

A dissident view conceming the cause of hypcrtliyi’oidism is that it 
is not ahvays due to an accumulation of iodine. The thyroid gland, it 
is argued, normally contains a certain amount of iodine stored as an 
inert compound. A gradual disintegration takes place, according to 
the requirements of the animal economy. This assumption has many 
physiologic parallels in fibrinogen, mueinogen, glycogen, and all other 
substances by ivhich a material is stored inert until required. It is 
common loioivledge among phj'sicians that the amount actually present, 
though not great, is fairly constant in health; that the intake is neces- 
sarily variable and precarious ; and tlie normal excretion so small that, 
in our day, the matter remains purely conjectural. It is obvious, then, 
that some physiologic provision should be made for the preservation 
and retention in the bodj’- of such an essential element, the supply of 
which is so precarious. Succinctly stated, the same iodine is used re- 
peatedly’, being freed from the thyroid storehouse to perform its func- 
tions, one of which is that of acting as a lime carrier, and returning 
empty to the thyroid where it again enters into suitable combination 
and is again stored until required. Under these conditions, to pursue 
this theory further, it seems probable that hyperthyroidism is the re- 
^ suit of an excessive discharge of the reserve iodine into the system by 
the chemical disorganization of the substance which normally holds it 
in storage. The iodine thus cast into the system produces h.yperthy- 
roidism. Thus, a sudden explosion in the iodine stores of the thyroid 
gland is all that is needed to flood the system with iodine and start the 
afore-mentioned disease. This is probably what occurs when the disease 
is started by fright or sudden shock. Psychic trauma and emotional 
upsets often start symptoms of toxicosis doubtless owing to the interde- 
pendence of the diencephalon and the pituitary. Nevertheless, it is 
Imomi that hyperthyroidism is responsible for the stimulation of psj^chie 
emotions. 

It is obscure by what means iodine is normally set free from the 
thyroid gland, though it is assumed that it is governed by laivs of 
chemistrj^ which are under the control of nervous impulses. 

THERAPY 

Therapeutic effects of iodine are extremely variable. There is an 
optimum amount suitable for different patients. 

Iodine administration brings about a striking amelioration of the 
condition but the improvement disappears when the iodine is ivitliheld. 
If iodine is continued indefinitely the disease is milder than otherwise, 
but it is not of shorter duration. 

Some thyrotoxic patients grow progi-essively worse under iodine medi- 
cation because the amount of iodine administered is actually inadequate. 
As soon as the optimum increase of iodine is found, the syndrome, with 
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the associated disturbed metabolism, is cheeked and regresses. This does 
not carry the implication that it is best to begin treatment Avith large 
doses of iodine. It is advantageous to .start with a small dose, 10 mg. 
of Lugol's solution, for example, and then to observe the reaction. If 
this proves ineffectual the dose should be rapidly increased until the 
optimum amount is found for the specific patient. It is well to bear 
in mind, incidentally, that on rare occasions an apparently inadequate 
dosage may induce a refractory phase in the therapeutic regimen. 

There is still a sharp difference of opinion among clinicians as to 
what constitutes a small dose of iodine. It is estimated that 6 mg. 
daily is a needful amount of iodine to induce maximum colloid accumu- 
lation ^n the normal thyroid gland. Smaller doses, it has been shown, 
appear to be insufficient to induce a maximum storage. It is clear, 
ttmrefore, that 6 mg. daily is a sufficient dosage in the treatment of 
thyrotoxic goiter. Many investigators, howcvex*, have found that this 
physiologic dosage frequently proves inetfective. 

Admittedly, a certain number of thyrotoxic patients, for occult rea- 
sons, appear to be iodine resistant. The resistance is not solely against 
iodine. It is also true of the prolonged use of various glands of intexmal 
secretion. 

It has been maintained that the refractory influences ai-e induced 
either by the formation of substances which neutralize the utilized 
iodine, or by antihormones, if endocrine substances have been given. 
This is brought about bj' a self-i’egulatory mechanism which counteracts 
the effects of the substance used therapeutically. 

It is conceivable that some patients xvho are “lugolized” for a time 
become intractable to iodine. There are those, too, who are iodine 
resistant under all circumstances. 

It has been maintained that the intractability in question, which oc- 
curs after prolonged use of iodine, is due to prolonged medication, with 
a consequent exhaustion of the thyroid, evidenced by the total disoi*- 
ganization of the parenchyma of the gland noted macroscopically and 
microscopically. The gland is consequent! unable to assimilate iodine 
and thus there is a failure of therapeutic effect. 

Means wrote that there is no true refractoriness to iodine and that 
the only patients who really do not respond are those who are not 
thyrotoxic, or if so, are already iodinized. Of all patients in his series, 
only 3 per cent apparently failed to respond; this small group was 
explained by a rapid increase in severity of the disease occumng at 
the time the iodine was given. A poor response to iodine, he holds, is 
indicative of a poor surgical result. In ward cases of the Massachusetts 
General Hospital, over a ten-year period, reported by Cleans, the mor- 
tality of patients who responded well to iodine (97 per cent of all cases) 
was 1.1 per cent; in those who did not respond well (3 per cent of all 
cases) the mortality was 27.3 per cent. 
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The physiologic and chemical role of iodine in thyrotoxicosis is still 
shrouded in a veritable theoretic iog. This is also true of the frequent 
return of the syndrome to its previous or more advanced stage after a 
few weeks of iodine medication. And still seeldng a scientific explana- 
tion is the answer to the question; “Why does iodine induce a specific 
response in thyrotoxicosis — a response which is absent when iodine is 
administered to normal persons ? ’ ’ This response in thyrotoxicosis makes 
confusion more confounded in that it is absent in experimental hyper- 
thyroidism when thyroid extract is used in men and beasts, as was 
shoum bj^ Carson, in 1928. 

The follovdng factors must be considered in an attempt to elucidate 
the multifai'ious effects of iodine administration in tliyi’otoxicosis : 

1. De Ligneris, Marine, and many other investigators, have given this 
aspect of the quest profound study. It is noAv widel}” accepted, in fact, 
axiomatic, that iodine increases the alveolar colloid content. This sub- 
stance apparently thickens, and thereby distends the walls of the 
repository, of which the cells and their nuclei flatten and elongate in 
the process. The intei’stitial cells are strikingly diminished in size and 
number. 

2. In the diffuse thyrotoxic parenchymatous goiter the colloidal iodine 
is quantitative!}'- inadequate and excreted into the blood, and ultimately, 
into the lymph stream. The iodine reserve of the thyrotoxic gland is 
consequently lessened and obviously the blood iodine is relatively in- 
creased. However, the glandular iodine is largely ionized and inorganic, 
while the organic fraction in the blood is increased. It is the ionized 
inorganic iodine which is thyrostimulant, as -shown by Saegesser, in 
1932. It may be argued that under favorable, or unfavorable, regional 
and physiologic influences the stimulation may, in a manner of speaking, 
cause the gland to run amuck. 

3. Iodine when supplied to a thyrotoxic gland is adequately stored 
and utilized to a degree where physiologic needs are satisfied. The rela- 
tion of the various fractions of thyroid return to normal, the colloid is 
again in reserve, and there is stabilization of thyroidal function. This 
is largely proved by the clinical behavior of the patient and specifically 
by the absence of thyroidal manifestations. The soft, elastic consistency 
of the gland is changed to a distinctive firmness consequent upon the 
alveolar storage of colloid. These units, as previoiisly stated, become 
distended to capacity. This is what is known as the “thyroid re- 
sponse" to the ingestion of iodine. It is a physiologic phase. 

4. Another well-nigh paradoxic effect frequently noted is not only 
the recrudescence, but the augmentation, of thyroidal symptoms despite 
the continued use of iodine. An apparently valid explanation is that 
the element, having accomplished its physiologic purpose, is no longer 
required, except in the mere maintenance of physiologic function. 
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^Vlien the increased iodine supply is kept up the effect goes into 
reverse, becomes pathologic, with a train of toxic symptoms. 

5. Iodine therapy is less effective in thyrotoxic nodular goiter than 
in the diffuse parenchymatous variety. This is because the degree of 
cellular hyperplasia is greatly reduced in the latter condition. The large 
colloid nodules present are only moderately influenced by iodine admin- 
istration. They do not readily yield their large thick colloid reserve 
as in the easy manner of the alveoli in the diffuse parenchymatous form 
of goiter. It is thus clear why thyrotoxic nodular goiter responds to a 
less degree to iodine than tlie diffuse parenchymatous forms, in which 
the cellular elements are hyperplastic and overactivated. 

6. Iodine is not a cure for thyrotoxic goiter, hut in most instances 
induces a resting phase so that the patient is “safe for surgery.” 

7. Prolonged iodine medication, especially with high dosage, fre- 
quently results in thyrotoxicosis. 

8. Again, this may induce a refraetoiy state. 

9. Nevertheless, iodine medication is indicated in all varieties of 
thyrotoxicosis. 

10. The ideal medicament for thyrotoxic patients with cardiac mani- 
festations is iodine. Thiouracil,^ recently discovered, may have some 
value as a depressant of thyroid function. “The daily administration 
of 1 to 2 Gm. of thiourea or of 0.2 to 1 Gm. of thiouracil to hyperthyroid 
persons,” mote Astwood, “resulted in the relief of symptoms and the 
return to normal of the serum cholesterol and the basal metabolic rate. ’ ’ 
This medicament must for the present be used with caution. 

11. The success of iodine treatment depends upon the rapidity with 
which an adequate dosage can reduce the enhanced oxidative processes 
in thyrotoxicosis. 

12. Iodine is not only useful as a temporary medication in thyro- 
toxicosis, but is also a valuable diagnostic means. In doubtful cases 
it may be employed as a therapeutic test to determine the presence 
of thyrotoxicosis. 


AsUvooa, E. B.: Journal ot the American Medical Association, 122. 1943. 



SUCCESSFUL REIMOVAL OF FOREIGN BODY WITHIN THE 

PERICAEDIU]\I 

Cask Rkport 

]\Lvjor Thomas Duval Watts,* akd jMajok Elam C. Toone,! 
i\lEDiCAL Corps, U. S. Arsiy 

A SOLDIER was admitted to a General Hospital Sept. 15, 1943, 
because of recurrent attacks of left sliovildcr and precordial pain 
of sufficient severity to i)revent liim from keeping up with liis organiza- 
tion. 

In itlareh, lO'lS, he had been rvounded during the battle of Fondouk 
Pass when a shell fragment entered the left anterior chc.st at the level 
of the third intercostal space, just lateral to the sternal border. Ills 
next recollection was twenty-four hours later when he regained con- 
sciousness in a hospital where he was told that he had been in a .shocked 
and dazed condition. For the next few days he was troubled by a dull 
aching substeraal pain which became sharp and cpiite severe with deep 
breathing or coughing. This complaint disappeared spontanconsly. On 
the tenth day after hospitalization he was able to be \ip and about the 
ward and remained .symptom-free until dischai’ged to full duly with his 
outfit twenty-six days later. Sixteen days after leaving the hospital, 
while doing guard duty, he fii-st noted a shai-p pain originating in the 
supraclavicular region of the left shoulder and radiating doum over 'the 
left chest to the region of the nipple. This pain lasted for a period of 
twenty-four houi's and was comparable to the discomfort experienced 
in spraining a finger. Associated with this was a dull aching pain 
originating under the lower portion of the sternum and radiating out 
to the apex of the heart, lasting about forty-eight hours. Both pains 
disappeared spontaneously and no medical attention was sought. Dur- 
ing the next two months the soldier had three reciUTences of shoulder 
and precordial pain similar in natui’C and duration to tiie original 
episode and oceurnng during periods of rest or mild activity. Follow- 
ing the la.st attack, July 4, 1943, he wms examined by a medical officer 
and placed on light duty. He remained in this capacity until Aug. 30, 
1943, when he was referred to a General Hospital for further study 
and disposition because in the opinion of his medical officer he wa.s 
not able to fulfill the duty reciuirements of a combat soldier. At that 
hospital he was ob-served during two paroxysms of chest and shoulder 
pain while confined to bed, and in addition it was noted that at times 
he had short periods of arrhythmia apparently due to runs of extra- 
systoles usually brought on by change of position. X-ray studies 
revealed a small metallic foreign body lying adjacent to the base of 

Received for publication. July 21, 1944. 
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the heart in the region of the right auricle and an electrocardiogram 
done Sept. 2, 1943, showed a low T wave in Lead 1 noth nonnal findings 
in Leads 2, 3, and 4 (Fig.l). There was no complaint of d.yspnea, ankle 
edema, or palpitation at any period. Following these examinations, the 
opinion was expressed that the foreign body should bo removed but in 
another Theatre. 

Physical Examinaiion. — Examined at a General Hospital, Sept. 15, 
1943, the patient was found to be a well-developed, Avell-nourished white 
man Ijnng quietly, flat in bed, comfortable and relaxed. 

Head and nech. — Head and neck were found to be normal. 

Cites f and lungs. — There was a small healed scar 1 by 1 cm. in 
diameter in tlie third left intercostal space adjacent to the left stenial 
border. The lungs were normal to percussion, palpation, and ausculta- 
tion and the excui'sion of the thoracic cage was free and equal. 

Cardiovascular. — Pulse was 84, I'hjdhm regular, and blood pressure 
108/64. Point of maximal impulse was in the fifth left intercostal space 
8 cm. from the midsternal line. A grade 1 systolic murmur was heard 
localized over the pulmonic ai’ea and P 2 was accentuated. When the 
patient was made to roll to one side or sit up quickly, brief runs of 
extrasystoles were noted which disappeared promptl 3 ^ There was no 
distention of the neck veins, no rMes at the lung bases, no ankle edema, 
and the liver was not palpated. 

Examination of the abdomen, genitals, extremities, and nervous 
system was negative. 

Laboratory. — Blood count showed red blood cells, 4,600,000; hemo- 
globin, 14.5 Gm. ; white blood cells, 6,800; polymoi'plionuclears 82 per 
cent ; and lymphocytes, 18 per cent. 

Urine, specific gravity was 1.020 and it was negative for presence of 
albumin, sugar, or significant sediment. 

The sedimentation rate was 2.5 millimeters per hour (Wintrobe). 

X-ray and fluoroscopic examinations. Sept. 16, 1943,'*'' showed a 
metallic foreign body 8 by 6 mm. lying 8 cm. beneath the anterior skin, 
as marked at the time of fluoroscopy, and about 1 cm. to the right of 
the midline at the level of the lower border of the sixth dorsal vertebra, 
apparently lying close to or within the pericardial sac near the junction 
of the superior vena cava and the light auricle. The foreign body moved 
sjmchronously with the cardiac contraction and was not influenced by 
respiration. The lung fields were clear. 

An electrocardiogram was made Sept. 20, 1943 (Pig. 2). T waves 
were inverted in Leads 1 and 4 and occasional ventricular extrasystoles 
were present in Lead 2. The tracing was otherwise normal. These 
T-wave changes as compared with the tracing made Sept. 2, 1943 (Pig. 
1) at a General Hospital were interpreted as indicating myocardial 
damage of a progressive nature. 

Captaln°D*‘A'’*Russc]f''^^ examinations done by Lieutenant Colonel C. D. Smith and 




Fig. 2. — Sept. 20, 1913. Rate 70 per minute. Normal sinus rhythm. P-R interval 11 seconds: one ventricular extrasystolo present in 

LS. Ti and Tj inverted. 
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In light of the evidence presented by these studies we concurred in 
the opinion that the foreign body should be removed. This decision 
was reached because there were recurrent episodes of anginal pain 
which were thought to arise fx’om either the myocardium or pericardium 
or both, because there were extrasystoles Avhich recurred after exercise 
or when changing position, because the foreign body was located in the 
region of the.sinoaxudcular node where minor histologic damage might 
produce major phj’^siologic dysfunction, and because electrocardiography 
revealed evidence of progressive myocardial damage over a relatively 
short period of time. Fuidhennore, it was necessary to give full con- 
sidei'ation to the possibilitj' that the foreign body might erode into the 
auricle or superior vena cava. Likerwse, the danger of secondary infec- 
tion and extensive adliesion formation at a future date confronted us. 

Sept. 26, 1943, while the patient was under observation and con- 
fined strictly to bed, he developed the pain in the left shoulder and 
under the sternimi previously described. Associated with this was a 
temperature elevation to 100° F., a white blood cell increase from 6,800 
to 9,600 and a fall in the sedimentation rate from 2.5 to 18 mm. per 
hour. The electrocardiogram remained unchanged (Fig. 3) and twenty- 
four hours after the onset of the pain the patient felt perfectly well. 
The temperature returned to a normal level. 

The occurrence of this episode coupled with his previous clinical 
course made us feel that it would be unwise to delay operation further 
and preparations rvere made to remove the foreign body at onee. 

The operation was performed Sept. 29, 1943, under endotracheal 
ether and oxygen and one-half of 1 per cent procaine solution locally 
infiltrated. A right parasternal incision for an extrapleural approach 
was made extending from the lower border of the second rib along the 
sternal margin to the fifth rib and the lower border of the fifth rib to 
the nipple line. The skin-fascia muscle flap was turned up to expose 
the third and fourth costal cartilages and the anterior ends of the 
corresponding ribs. The third and fourth costal cartilages and anterior 
one inch of corresponding ribs were resected subperiosteally. The 
posterior perichondrium and intercostal bundles were divided near the 
sternum and retracted to expose the internal mammary vessels which 
were doubly ligated proximally and distally \vith No. 1 chromic catgut 
and resected between the ligatures. The communicating intercostals 
were also ligated. The pleura was gently separated from intercostal 
bundles and posterior perichondrium and laterally from sterual border 
and pericardium. It was necessary to resect a portion of the sternum. 
The periosteum was separated anteriorly and posteriorly from the area 
and the bone was then removed with rorrgeur forceps. The pericardium 
was incised and the incision extended exposing the right ventricle, right 
auricle, and superior vena cava. There were soft adhesions between the 
right auricle and pericardium, right auricle and superior vena cava, and 
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the upper anterior portion of the right ventricle. Tlie.se adhesions were 
separated and a foreign body approximatelj' 1 cm. in length was found 
encapsulated on the antei’ior a.spcct of the right auricle in close prox- 
imity to the superior vena cava. The fragment was very gently freed 
and removed. The pericardium was loosely approximated "with inter- 
rupted sutures of No. 1 catgut. The incision in the thoracic wall was 
closed appi'oximating the intercostal bundles and posterior peri- 
chondrium with No. 0 chromic catgut, the jiectoral sheath with inter- 
rupted No. 1 chronic catgut, the subcutaneous tissue with fine catgut 
and black silk for the .skin. 
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Fig. 3. — Sept. 27, 1943. Rate 80 per minute. Normal sinus rhythm. P-R inten'al 
16 seconds; Ti and T 4 are inverted and STi is slightly convex upward. Tracing made 
twenty-four hours after episode charaxiterized by chest pain, fever, leucocyte rise, and 
increase in sedimentation rate. 


Postoperative Course. — Approximately ten hours after operation the 
patient complained of precordial pain and at that time a pulse irregular- 
ity was noted lasting several hours. For the fiist thirty-six hours there 
appeared a slight degi'ee of cyanosis which was corrected by continxious 
oxygen therapy. For the next three days normal color Avas maintained 
bj’" intermittent administration of oxygen. On the second postoperative 
day a small area of atelectasis developed in the right base posteriorly, 
clearing up on deep breathing, CO 2 and O 2 inhalations. On the eighth 
postoperative day a superficial wound infection Avas detected in spite of 
the fact that chemotherapy, which Avas instituted immediately after 
operation, had been administered in sufficient dosage to maintain a 
sulfadiazine Idood level of 6 mg. per 100 c.c. FolloAving adequate drain- 
age the temperature, AA^iich had been elevated since the operation, re- 
tumed to normal. On the ninth postoperative day a friction rub aa^us 
noted in the right axilla unaccompanied by any discomfort or tempera- 
ture elevation ; this disappeared AAuthin the next forty-eight hours. On 
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tlie foiirleenlli day lie was allowed to be up in a wheel chair and on the 
sixteenth day up and aronnd the ward. 

At tlic time of operation measures had lieen talcen to combat disturb- 
ances of cardiac function and the following dnigs placed at hand: 
Quinidine sulfate, 10 gr. in 100 c.c. of nonnal saline ; calcium gluconate, 
10 per cent solution for intravenous use; atropine sulfate, a 1 :1000 solu- 
tion of adrenalin hydrochloride and digitalis in solution for subcutaneous 
or intravenous administration. Happilj’’, no ewdence of I’liji-hm dis- 
turbance or cardiac dysfunction of any character was encountered. 
Throughout the entire operation the pulse rate did not exceed 120 per 
minute, the rhj'thm remained regular, and the blood pressure ranged from 
120 to 140 mm. of Hg systolic and from 72 to 90 mm. Hg diastolic. An 
electrocardiogram (Lead 2 only) (Fig. 4) was recorded at the time the 
foreign bodj’’ was being removed from its bed and showed a nonnal 
sinoaurieular rlijiihm and a rate of 120 per minute. Before leaving the 
operating room another tracing was made (Fig. 5) wliich showed an up- 
right Ti, and a T wave in Lead 4 that was inverted only 1 mm. During 
the remainder of his postoperative course the pulse rhjiihm remained 
regular except for the brief episode mentioned in the preceding para- 
gi’aph; the blood pressure remained nonnal. No pericardial friction 
rub was ever detected and • repeated x-i’ay and fluoroscopic studies 
showed no evidence of peiaeardial or pleural fluid. Electroeardiogi'aphic 
tracings were taken on the first, second, and fourth postoperative da 5 ’-s 
and thereafter eacli week imtil the date of discharge Nov. 16, 1943. 
Samples of these tracings ai’C shown in Figs. 6, 7, and 8, indicating only 
slight changes in tlie pattern of the T waves and S-T segments, but as 
a whole representing no evidence of improvement over the electro- 
cardiographic tracings made prior to operation. 

In other respects the operative results have been gratifying. There 
has been no recurrence of the shoulder and chest pain previously ex- 
perienced and no cardiac an*hytlrmia detected other than that noted 
during the first twenty-four hours after operation. 

At the time of discharge from the hospital, Nov. 16, 1943, to the Zone 
of Interior, the patient was walking freelj^ about the hospital and sur- 
rounding grounds udthout discomfort. The operative wound Avas healed 
and fii'm wdthout chest deformity. Movement of the thoracic cage was 
free and equal and the lung fields Avere clear to physical examination 
and x-ray study. A lateral vieAV of the chest shoAved a slight thickening 
of the right anterior pleura. The temperature Avas 98.2 ; respiration, 18 
per minute; pulse, 76 per minute,- rhythm regular and the blood pres- 
sure 124/72. The apex Avas palpated in the fifth left intercostal space 
8 cm. from the midsternal line. A grade 1 systolic murmur Avas noted 
over the pulmonic area and the pulmonic second sound AA’as accentuated. 
There Avas no evidence of distention of the neck veins or anlde edema. 
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the upper anterior portion of the riglit ventricle. Thc.se adhesions were 
sepai-ated and a foreign Ijody approximately 1 cm. in length was found 
encapsulated on the anterior aspect of the right axiriele in close prox- 
imity to the superior vena cava. The fragment was very gently freed 
and removed. The pericardium was loosely approximated Anth inter- 
rupted sutures of No. 1 catgut. The incision in the thoracic wall was 
closed ap]Aroximating the intercostal bundles and posterior peri- 
chondi’ium Avith No. 0 chromic catgut, the pectoral sheath A\'ith inter- 
rupted No. 1 clu’onic catgut, the subcutaneous tissue AA'ith tine catgut 
and black silk for the skin. 
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Fig. 3. — Sept. 2 (,1943. Rate 80 per minute. Normal .'sinus rhj-thm. P-R inten-al 
inverted and STi is slightly convex upwaid. Tracing made 
! hours after episode characterized by cliest pain, fever, leucocyte rise, and 

Increase in sedimentation late. 


Postoperative Course. — Approximately ten hours after operation the 
patient complained of precordial pain and at that time a pulse irregular- 
ity Avas noted lasting seA’eral hours. For the llret thirty-six hours there 
appeared a slight degree of cyanosis Avhich Avas corrected by continuous 
oxygen therapy. For the next three days normal color Avas maintained 
by intermittent administration of oxygen. On the second postoperatwe 
da}^ a small area of atelectasis developed in the right base posteriorly, 
clearing up on deep breathing, CO 2 and O 2 inhalations. On the eighth 
postoperative day a superficial Avound infection Avas detected in spite of 
the fact that chemotherapy, AAdiich aaus instituted immediately after 
operation, had been administered in sufficient dosage to maintain a 
sulfadiazine blood level of 6 mg. per 100 c.c. FolloAAung adequate drain- 
age the temperature, AA'hich had been elevated since the operation, re- 
turned to normal. On the ninth postoperative day a friction rub Avas 
noted in the right axilla unaccompanied by any discomfoi’t or tempera- 
ture elevation; this disappeared Avithin the next forty-eight hours. On 
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Pig. 8. Nov. 15, 1943. Rate SO per minute. Normal sinus rhythm. P-R interval 14 seconds: Ti and Ti inverted. 
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All electrocardiogram (Fig. 8) still showed inverted T waves in leads 
1 and 4, with a normal sinus rhythm. The sedimentation rate was now 
2.5 mni. per hour and blood and urine studies were normal. 

SUMMARY 

1. A case is reported of the succc.ssCul removal of a metallic foreign 
body from the vicinity of the sinoauriexilar node producing adhesions 
between the anterior wall of tlie right auricle, superior vena cava, and 
pei’icardium, and extending downwax'd over the right coronary .sulcus 
onto the anterior xvall of the right x-entricle. 

2. At the time of our fii-st examination myocardial damage was pres- 
ent as indicated by recun-ent attacks of pi’ccoi’dial pain, cai'diac ai*- 
rhythniia, and invereion of tiie T waves in Leads 1 and 4 of tlie electro- 
cardiogram. 

3. There was no recurrence of the precordial pain and no further dis- 
turbance of I'hythm xvas ixotcd after the first postoperative day, in the 
pei’iod of seven weelcs’ postoperative observation. 

4. No essential change was noted in the elect rocardiograjihic tracings 
taken before and after opciation. 

The author.'! wish to expro.ss tlieir pnitltude to I.,icutonanl Colonel John P. AVilliams 
for his advice in the managomont of this case and to Captain George B. Craddock for 
the administration of the anesthetic. 
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BONE REGENERATION FOLLOWING OSTEOMYELITIS 

Laurence H. Mayers, M.D,, Chicago, III. 

T he processes of bone destruction and bone restoration in an osteo- 
myelitis of tlie phalanges of a finger go on almost simultaneously. 
Nature’s effort at restoration may seem to be delayed and its work is 
not instantly observable, but study of cellular destruction and restora- 
tion shows that thej’' work harmoniouslj*. Indeed, while the osteoclasts, 
regarded as destroying cells, are at work, they are preparing for the 
constructing cells, the osteoblasts, into which they change themselves 
when the time comes. 

IMcLean and Bloom, for instance, observed that, “recovery (from 
bone necrosis) occurred by extensive intramembranous formation of 
new bone, accompanied by development of large numbers of active osteo- 
blasts from the fibroblasts of the sear. These observations throw new 
light on the pathogenesis of experimental osteitis fibrosa Avhich appeal’s 
to develop, in part at least, as a reaction to the death or injury of the 
cellular elements of bone. Of more general biologic interest is the evi- 
dence that osteoblasts are not permanently differentiated cells, for they 
have been seen to change into phagocytes, osteoblasts, and fibroblasts; 
further fibroblasts have been seen to develop into osteoblasts which are 
then associated with the formation of new bone. ’ ’ 

“The question,” say Baetjer and Waters, “will present itself as 
to why in one ease there is bone destruction and in the other bone pro- 
duction. The point of contact between the lesion and the bone is the 
point of stimulation. It takes nature some little time to lay down bone, 
so if the infection or lesion is virulent, the point of contact is swept away 
and a new one formed before there has been time for new bone forma- 
tion; hence the process is entirely destructive. On the other hand, if 
the point o:^ contact remains stationary for a short period, then nature 
has time to lay down new bone. So there are two well-defined changes 
taldng place in bone, namely, destruction, indicating an advancing 
lesion, and production, indicating a lesion that is retrograding and is 
probably under control.” 

Wilensk3>- says, “in bones, the seat of an osteomyelitic process, repair 
of the osseous tissue goes hand in hand with bone destruction,” and 
Holman refers to the “almost infinite power of repair in bone, especially 
in infancy and early youth. ’ ’ 

And, finalb’-, Wilensky: “It is probable that all cells are formed 
into osteoblasts and can become osteoclasts. Just as osteoclasts originate 
from osteoblasts and their derivatives, thej’- can again become osteo- 
blasts and bone cells after their osteoclastic activity is over.” 

Received for publication. Sept. 11 . 1944. 
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Tlie foregoing statements are autlioritativc, tlieoretical, and perhaps 
observational descriptions in their application to the coui-se of the osteo- 
myelitis iiuthe ease tinder discussion. They are to be read in connection 
with the examination of the x-ray films, which tell as far as pictures can, 
the story of both the destructive and the restorative processes. 

The patient in this case was a policeman who was bitten on the middle 
finger of his left hand by a man whom he was arresting. Striking an- 
other person on the teeth by accident would seem to be less rislcj" than a 
deliberate bite, but even such accidental contacts are not an infrequent 



Fi&. 1. — Sept 5, 1938. This first roentgcnogiam was taken to determine w'heUiei 
a fracture resulted from a human bite near the end of the middle finger of the left- 
hand. A human bite may develop a pressure as high as 300 pounds to the square inch 
The finger was lacerated, red, sore, and swollen. No fractures were disclosed. In* 
cision below the nail brought forth a copious, purulent discharge. Drainage wa» 
deemed adequate. 

Sept 9, 1938, four days later, it was thought that the infection was localized to 
the terminal phalanx. However, mouth organisms were numerous and virulent. 


source of infection, and there have been cases in which a mixed anaerobic 
infection from organisms of the mouth resulted. The latter was true in 
this case. Pyogenic organisms, spirilla, and anaerobes were all present 
as the case progressed. 

It is also to be noted that the patient in this case was 40 years of age, 
far beyond the age at which bone restoration is regarded as assured. 
Considering the extent of the destruction, the very marked soft tissue 
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involvement, and also the virulence of the infection, the bone restoration 
is the more interesting. And, finally, both the regenex’ative and the de- 
structive processes are rather completely illustrated. Figs. 1 to 8 cover 
the entire period. Too often such a series is impossible because amputa- 
tion offers an easier and speedier way to reeoveiy. 

A finger more or less is taken as a matter of consequence or inconse- 
quence by the patient according to his occupation and economic con- 
dition. To a worker with pick and shovel such a loss might seem eom- 
partively unimportant; to a piano virtuoso it would be vital. The pa- 
tient in this case refused to permit the amputation, and so we have the 
x-ray films. 



Fig. 2. — Sept. 16, 1938, six days later, while drainage was satisfactory, there 
developed a sloughing and necrosis around the nail. The nail was removed. Five 
days later osteomyelitis of the terminal phalanx was apparent. The destructive proc- 
ess was rapid. In the course of this infection, laboratory examination revealed 
staphylococci, spirilla, and anaerobes. 

Beyond these, and for more particular information, reference is made 
to Ivnavel’s text^® and to Auchineloss’ chapter in Nelson’s Loose Leaf 
8urgei-y.^ 

In dealing with any infection of the hand it is, of course, of first im- 
portance to have a thorough imowledge and understanding of the de- 
tailed anatomy of that very useful member. No part of the body, ex- 
cept the mental organ and the eye, is so much used or is so useful. The 
anatomy of the hand is complex and invites and deserves extended 
study. In the matter of hand infections, understanding of the princi- 
ples of free drainage is particularly sti-essed by Kanavel. Auchineloss 
says that “early adequate drainage means early, comfortable convales- 
cence. Delay means more necrosis, more dressings, osteomyelitis, in- 
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fection of the joinl, and, if llie lesion be nea)’ the distal flexion crease, a 
threatened tendon sheath.” 

The policeman Avas admitted to the ho.spital the mornin" after the 
wound was received. The following day the finger was incised below 
the nail, liberating a quantity of foul, purulent material. Drainage 
continued to be rather profuse for some time. The dcslruelive proee.ss 
was advancing, as Figs. 1 to 7 show. Twelve days after the patient was 
admitted to the hospital the roentgenologist’s report- showed almost 
complete di.ssolution of the middle jjortion of the phalanx and tip with 
moderately advanced invasion of the distal three-fourths of the middle 
phalanx, and involving the distal .ioint; the soft tissues still showed con- 
siderable thickening. 



Fig. 3.~Sept. 26, 1938, ten days later, the picture disclosed almost complete dis* 
solution of the middle portion of the phalanx and tip, with moderatelv advanced 
invasion of the distal three-fourths of the middle phalanx. Subluxation of the termi- 
nal joint was practically complete. Sequestration of hone fragments was under ^vay. 
The destructive process was receding- in the usual way. The sequestration indicated 
the first effort at restoration of the destroyed bone. 

Thus, it appears that the infection was advancing according to rule — 
from the distal anterior closed space by way of the nutrient foramen into 
the medullary cavity, with an osteomj'elitis as the result. Thence the 
spread is to the flexor subtendiiious space of the base of the distal 
phalanx and into the joint cavity, and so on to the middle phalanx with 


Hv^orm 
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probably entry to the tendon slieatli. In tlie ease under discussion tJiere 
was involvement of (1) soft tissue, (2) bone, (3) joint, and (4) tendon. 

The outcome of such a destructive and progressive osteomyelitis will 
depend on a number of things — the type of the organisms present, the 
age and condition of the patient, and, probably most impoitant of all, 
the treatment. 

The mixed infection, particularly one including anaerobes, is more 
serious than one involving a single organism. A child has a better 
chance to combat the infectiozi and to obtain bone I'egenei'ation than 
an older person. The results in the ease of the policeman, however, 
indicate that his age did not work against him. His I’ecuperative power 
is one of the factors that give the case a livelj'' interest. 



Pig:. 4 — Sept 30, 1938. there was further imasion toward middle joint and in- 
creasing- destruction of distal phalangeal bone. Seciuestrated fragments of bone -were 
visible as evidence of the conflict between living and dead cells. Hot applications 
were discontinued. 

The treatment covered the conventional range, and the conventional 
range is wide. The technique may change, but the principles are con- 
stant. Heat and cold, dryness and moisture, elevation and dependency, 
rest and activity, protection and massage, darlaiess and light, asepsis 
and germicides, pressure and its avoidance aie all listed by Aiichincloss, 
and “play their parts, and a host of other things besides ’’ 



Fi&. 6. — Oct. 10, 1938. Loo.se fragments of bone belonging to the distal 
marked the sequestration of the dead from the living cells The sequestration levei 
■was the boundary line between the living and the dead cells and the point of coi - 
diet between them. If drainage is not complete, the living cells will be poisomu 
and die. In that case the i\ork must be begain again at another joint by a 
of phagocytes, aided ny a new incision for drainage. Note the extension into n 
middle phalanx. 




Fig. 7 — ^Nov 9, 193S. While the middle and pro\5inal phalanges showed further 
invasion and the periosteum was stripped m the middle portion, there was visible 
improvement of the bone of the distal phalanx At that point sequestration was 
completed and the bone was reorganizing its normal contour 



Fig s — Ko\ 16. 193S 


This picture a as taKen after the hand had completely healed 
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The final purpose of all treatment was to give Ihe ]fiiagoeytic type of 
cell a chance to work to tlie maximum advantage. All that promotes 
this, according to Auehincloss, is good; whatever hinders is had. In- 
deed, if the Avelfare of tlie living cells, hard at Avork at the sequestration 
line.s, be carefully attoJided to, much that Avas considered dead at one 
time Avould seem to be used in vai-ious Avays as framcAVork or even ma- 
terial Avith AA'hich the liAung cells reconstruct the part. 

‘“Drainage,” he says, “is perhaps the most subtle and important. Un- 
til sufficient time has elapsed for the sequestration bit of bone to be 
AA-holly separated through the action of liA-ing phagocytes, from the bone 
that yet lives — drainage plays a part.” 


If the drainage is not effectiA’e for any reason and the irritating dis- 
charges are blocked, they are tlnwA’ii back on the living cells at Avork 
AAdiich are thus poisoned and die. The Avork of sequestrating dead bone 
from Ihdng bone must then be carried on by .a ncAv army of cells farther 
along the bone, after another incision. 

In the case under discussion, the drainage first established may have 
been imperfect, or the infection may have been particularly Adrulent, 
probably the latter. The destruction A\-ent on past the middle joint and 
into the middle phalanx, the distal joint Avas invoh-ed and the tendon 
sheath as Avell. 

Five Aveeks after the Avound Avas received, the finger Avas reoperated 
upon. Incision Avas made over the radial side from the midpoi’tion of 
the terminal phalanx to the mid-portion of the proximal phalanx. A 
small amount of necrotic tissue Avas removed. The flexor tendon Avas 
exposed and found to be destroyed distal to the proximal and middle 
phalanx. A posterior splint Avas applied. 

As the authorities heretofore quoted have stated, it takes nature some 
time to lay doAvn bone. The struggle of the living cells, hoAvever much 
help they may receive from the treatment, is not short and it is ahvays 
desperate. In this case it seems that all the good as Avell as the bad 
factors Avere present and Avorking. But it Avas four months after the 
I’emoval of the tendon before the roentgenologist led that much of 
the bone atrophy had disappeared. The osteomyc. , ^oeess had thor- 
oughly abated and the cortex Avas commencing to ,> U The tenninal 
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A PRACTICAL CON^^ERSION 01’ FLACG TYPE 
LARYNGOSCOPES 

Rodger E. IMacQuigg, jM.D., New York, N. Y. 

(From the Department of Fescarrh Surgery, Ohio State University) 

I NTRATRACHE/YL anesthesia, properly applied, offers such rewards 
in safety and convenienoe, particularly in operations about the head 
and in chest surgeiy, that it slionld be in use in all hospitals. Moreover, 
there are emergencies which call for the accurate aspiration of inhaled 
vomitus, or occasionally for the removal of foreign bodies above the level 
of the glottis, in which delay while a specialist is being sought might 
prove serious. Those who have seen the dramatic relief afforded by 
tracheal aspiration to patients who arc too weak to raise the secretions 
that are suffocating them, and likewise those who are aware of how fre- 
quently the battle is lost because of that most subtle of killers, chronic 
anoxia, will avail themselves as far as po.ssiblc of the positive and simple 
direct-vision technique of laryngoscopy. 

The purpose of this communication is to call attention to some points 
of practical importance to those undertaking lai-juigoseopy as it assumes 
its rightful place in general medical and surgical practice. The first 
point is of the greatest importance — to emphasize that the neck of the 
patient should be sti’ongly flexed on the chest and relaxed instead of be- 
ing extended as the beginner usually assumes. Tlie head itself may then 
be extended (bent backward) upon the neck at the atlanto-oceipital level 
as much as is possible with the neck thus flexed upon the chest. 

There is usuallj^ no difficulty in passing the larjmgoscope blade to raise 
the back of the tongue (as the patient lies supine with head toward op- 
erator) and in exposing the epiglottis, although the overly anxious may 
fail to get oriented squarelj’’ by hurrying over the landmarks. The blade 
is then withdrawn slightly to scoop irnder the tip of the epiglottis and 
lift it forward. If the laryngoscope is entered too far it overrides the 
slanting glottis and enters the esophagus, yet if it is rnthdravTi too far 
the tip of the epiglottis is released and flips back dovm over the glottis. 
Lateral deviation gives entry to the pjauform fossae, which may be mis- 
taken for the glottic chink. All this, plus the necessity for firm and 
constant lifting, may make control difficult. The lai-jmgologist, using 
the beautifully balanced Jackson instrument, has minimal difficulty 
because his instrument is C shaped and he uses the horizontal handle 
bar not only to lift directly but as a lever to control deviation. 

However, there is a definite place for the self-contained laryngoscope. 
Plagg’^ recognized that, for intubation and for emergency work, a 
laryngoscope was needed with a large lumen, open along one side to per- 
mit ready disengagement of tubes or instruments, and that it should be 
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self-contaioed, ready for instant use and control. He eliminated the 
dangling cords and battery box by placing flashlight batteries within 
the liandle, developing the pattern now so nddely irsed nnder his name. 
Difficulty is noted, pax-ticularly by the novice, because of the lack of 
a horizontal member for the liandle bar. This forces tlie hand to applj’’ 
a twisting stress to the vertical handle, and even with a strong wrist 
there results mai'ked loss of delicacy of control. There is also a common 
tendenej^ to pry, using the upper teeth as a fulcrum, which may cause 
pain or damage even though an attempt is made to provide a shield for 
the teeth. It must be realized that particularly in intubation and in 
individuals with thick short necks, considerable ^force must be applied 
to the tissues behind the hyoid bone to obtain adequate exposuze, some- 
times enough to lift the patient’s head from the table. If done correctly 
there is no danger of local trauma as the parts shift together to the 
required alignment. The point is that the load lies largely on the tip 
of the blade. 



An adjustable wooden handle was therefore added to tiie usual Flagg 
laryngoscope used for intubation. (See Pig, 1.) In thoracic opei-ations 
performed during the past year at the University Hospital, members of 
the cooperating research surgery and anesthesia departments found 
their work greatly facilitated by this simple addition. Since then I 
have seen the excellent laiyngoscope developed by Dr, U. H. Eversole, 
in use at the Lahey Clinic. This is operated bj' small batteries in the 
handle but is much ziearer in proportions to the Jackson type than are 
the Flagg models. It is C shaped (provided Avith a hoi-izontal member 
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for llie handle). Although it is not deseriljed in the literature it is 
available eoinmercially. It is felt that thi.s note is -warranted, however, 
by the number of Flagg type laryngoscopes already distributed whose 
usefulness could be readily increased by adding such a handle to facili- 
tate their proper use. It is of intei’cst to Jiote that in some modifica- 
tions of the basic Flagg de.sign the A'crtical handle has been angled to- 
ward the blade in an attempt to secure this moi’c favorable leverage and 
control. 

Macintosh- has recently described a model which has air upeurved 
blade, to be pa.sscd to the base of the tongue and to lift from tliis point 
without engaging the epiglottis, but after brief trial I find the merits of 
this clever simplification of the technique open to question. Wiggin 
proposes still another modification of the blade for intubation by flaring 
the side. The appearance of thc.se reports suggests the further room 
for improvements in the basic Flagg design, but in some fonn his valu- 
able contribution .should be used more extensively. The full techniques 
are ably discussed in the readable and authoritative books by the Jack- 
sons,'* and Flagg.“ 
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ACUTE PANCREATITIS 
John Morton, M.D., Rochester, N. Y. 

(From Department of Surgery, School of Medicine and Dentistry and Strong 

Me7norial Bospital) 

P REVIOUS to 1938 the diagnosis of acute pancreatitis was, at best, 
uncertain. It was a diagnosis made from the clinical picture of an 
acute abdominal emergency, often alarming in its intensity, and sup- 
posedly calling for urgent surgery. The diagnosis was likely if severe 
epigastric pain struck suddenly in a middle-aged obese individual. If 
this was accompanied by vomiting, shock, tenderness in the epigasti’ium 
verging toward the left, absence of fever, a relatively rapid pulse, and a 
high white blood count, the diagnosis became more certain. Transverse 
radiation of pain across the upper abdomen, increasing distention, and 
tendeimess in the left costovertebral angle would give additional .support. 
Attempts would be made to rule out perforated peiitic ulcer by x-ray 
examination; acute biliary tract disease, jaundice often being present; 
intestinal obstruction or mesenteric thrombosis ; coronary occlusion by 
electrocardiographic examination; and peritonitis. When eveiything 
had been done, the attendants would be oftentimes in a dilemma. Op- 
eration nmuld be advised to resolve the anxiety and to avoid missing 
an acute surgical condition. 

AVhat was needed at this time Avas a dependable, easily performed 
laboratorv test. This test would of necessity be one Avhich could be 
done without elaborate apparatus as it Avould have to be done at any 
time, day or night. And it Avould haA'c to be a test which could be 
finished quickly. SomogyP’-' gave us such a test. Other tests Avhieh 
had been in use, such as the Wohlgemuth test (starch splitting), did 
not permit measurement of small changes and were too time consuming. 
The viscosity of starch paste under action of diastase was vaidable and 
inadequate (Somogypi'- and PoloAve^). The serum lipase lest reqtiired 
a twen ly-four-hour wait and ivas eleA'ated in pancreatic cancel' as well 
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as in pancreatitis (Johnson and Bockns). Polowe's cuprous oxide 
precipitation demanded thirty minutes' ineubation, then eentrifugiiifr, 
etc. 

Somogjn’s rapid method (amyloclaslic activity) is a quantitative 
measurement of tlie rcaciion lime and not of the reducing power of the 
reaction products. The re.sults obtained i)y this procedure are com- 
putable in terms of reducing power and identical ■with such reductions. 
This permits estimation of low values and accuracy in high ranges 
(SomogA'i®’''). The test can be reported in twenty minutes. The Idoocl 
amylase content in healthy persons is maintained at fairly constant 
levels. Eighty per cent of healthy ambulatory adults have levels be- 
tween SO and 150; the remainder have a low range of GO to SO, or a high 
range of 150 to ISO. Blood amylase values below 60 and above 200 are 
considered abnormal. The origin of the diastase content in the normal 
blood is at present unknown. It is completely absent in the newborn 
infant; appeal's at 2 months, is measurable at 3 months, and reaches 
normal at 1 year. It is not influenced afterward by age, sex, amount or 
type of food, fasting, dehydration, diuresis, exorcise, or sleep. Under 
nomal conditions neither the pancreas, siilivary glands, nor liver con- 
tributes to the blood diastase level. Acute pathologic changes in the 
pancreas or salivan' glands may cause a temporal’^' effusion from these 
glands into the blood stream. This cau-ses an increase in the diastase 
(amylase) content of the blood. The increase takes place quickly, 
reaches a high level and gradually subsides to normal within a few 
days.®^'^®'’ Injury to the pancreas tends to increase the amylase ac- 
tivity; injuiy to the kidney or to the liver decreases it (Polowe"'). The 
serum amylase can be useful in differentiating perforated peptic ulcer 
from pancreatitis and also in determining the site of perforation ac- 
cording to Probstein and his co-workers.-' When the serum amylase 
reading is low or subnormal in sharp epigastric pain it rules out acute 
pancreatitis or perforating ulcer into the pancreas; very high readings 
indicate acute panci'eatitis ; moderate elevations may mean perforation 
into the pancreas. Aspirated fluid from the peritoneal cavity can be 
tested for amylase activity in a doubtfid ease. In acute pancreatitis the 
peritoneal exudate gives high readings. 

Etiology . — The fundamental cause for the behavior of the pancreatic 
ferments in pancreatitis still remains in debate. There is no question 
that living tissue is not affected by the pancreatic enzj-mes. Wliipplc 
and Goodpasture^^ demonstrated that the pancreatic juice was harmless 
intraperftoneaUy and intravenously. Biopsy and operations on the pan- 
creas are not follo-wed by pancreatic necrosis. When bile is injected into 
the pancreatic duct, pancreatic necrosis niaj’- occur. This is because of 
the local cytolytic and destructive properties of bile salts and not be- 
cause of activation of intraductal ti'jqDsinogen. Active trypsin is in- 
capable of digesting li-ving tissue ; it acts as a catalyst in facilitating the 
hydrolysis of proteins by the alkali of the pancreatic juice. The locally 
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destructive cTction of pancreatic .iuicc is dependent on tlic concentra- 
tion of the alkali. Infection of the injected bile augments the de- 
structive action. Tlie toxic effect is neutralized by proteins of tlie blood 
serum. Hemorrhage is probablj’- a protective mechanism (Gaither^*). 
Jones’® does not agree with this. The pancreatic duets whieli are not 
obstructed remain unharmed but aiiAdhing which partiallj^ or completely 
blocks the ducts may cause acute pancreatitis. There are five principal 
contributing causes; (1) trauma, accidental or surgical, (2) infections 
with extension to the pancreas, biliary ti-aet, duodenal ulcer, etc., (3) 
toxic, alcohol, drugs (arsphenamine), ane.sthesia, (4) obstructions to 
biliary tract, stone, spasm, infection, tumor, duodenal diverticulum, 
Ascaris, and (5) circulatory factors, stasis, hypertensive apoplexy, 
thrombosis, and embolism. 

Dragstedt and his associates claimed that 60 per cent of acute pan- 
creatitis arises in patients with antecedent biliary tract disease. In our 
series the figure was 62 per cent. In 10 per cent of these cases there is 
the common channel of Opie. The rest of the cases have spasm of the 
sphincter of Oddi as described by Archibald (Jones’®). Lynch-'’ found 
duct obstruction the main etiologic event, although vascular occlusion 
and infection caused a considerable proportion of the acute disease. 
Gaskell’® claims that there is a fom of acute necrosis of the pancreas 
as a cause of sudden death. Trauma of the head of the pancreas can 
produce this result. He cites ten cases with post-mortem examinations 
to support his views. Smyth®" believes the vascular factors to be im- 
portant and demonstrated aU the pictui’es of acute pancreatitis follow- 
ing mercury injections into the arterial supply of the pancreas of dogs. 
Ackerman’ repoi’ted a fatal ease of acute hemorrhagic pancreatitis fol- 
lowing transfusion of mismatched blood. Severe instances of acute dis- 
ease following heavy drinking bouts have been noted by several authors. 
We have seen a number of such instances. Ogilvie"’ reported three cases 
of pancreatic necrosis associated with duodenal diverticula, thus favor- 
ing an obstructive etiology. Allergy has been implicated by Brodie and 
Picarra.® 

Pathology . — There are at least two types of acute pancreatitis. The 
more common form is acute pancreatic edema, called by Elman inter- 
stitial pancreatitis. This manifests itself by a boggy swollen pancreas 
with fluid under tension and is accompanied by fat necrosis in a large 
proportion of cases. The disease does not progress to hemoiThage and 
necrosis but subsides spontaneously in most instances if not disturbed. 

The other type is hemorrhagic necrosis. This is a serious disease 
with death of a large pai’t of the organ. 

Sequelae . — ^As sequelae to these forms we may have acute pancreatic 
abscess, an immediate or late result of autolyzed infected necrotic tissue, 
or pseudoeyst of the pancreas where the above necrotic tissue is walled 
ofE and the infection has burned out. 
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Tile acute edematous pancreatitis is followed by chronic inflammation 
in a large percentage of cases. When the di.sease has subsided and the 
patient is explored later, a hard enlarged pancreas is frequently en- 
countered. Experimentally. Ireneus’® has .showed that the acinar cells 
tend to recover and become functionally efficient in about four weeks in 
experimental animals. Residual changes consist of interlobar and inter- 
acinar filn-osis, l^unphocytic infiltration, and edema. 

(rlyeosuria is noted in about 11 per cent of acute ]iancreatitis cases. 
Shumacker-'-' claims that at least 2 per cent of all patients with severe 
acute pancreatitis develop diabetes; and of those surviving 3 to 10 per 
cent will develop it in time. Systematic follow-up studies should be 
made. 

Diaynosif ;. — The symptoms arc too well known to demand comment. 
Suffice it to .say that acute pancreatitis can be diagnosed only rarely 
without the .special amylase tost, nor can the acute edematous form be 
differentiated from pancreatic necrosis at the beginning of the attack. 
Severe pain, vomiting, constipation, di.stention, and tenderness are 
common to many conditions in the abdomen and chest. Even the 
electrocardiogram may show changes suggestive of myocardial infarc- 
tion or coronary thrombosis. The triad of upper abdominal peritoneal 
irritation, elevated serum amylase test, and elcetrocardiogi-aphic changes 
should establish the diagnosis of acute pancreatitis (Gottesmair and co- 
workers.'^). Perforated peptic ulcer, coronary disease, tabetic crises, 
peritonitis, severe biliary tract disease, acute intestinal obstruction, 
mesenteric throraljosis, and ectopic pregnancy must all be considered 
in differential diagnosis. By the coui-se in the hospital it should be pos- 
sible to separate the pancreatic edema from pancreatic necrosis. The 
former usuallj- gives histoiy of previous attacks, less prostration at the 
onset, and a high amylase I'eading. Over the course of three to five days 
the attack subsides spontaneously with return to normal. Pancreatic 
necrosis on the other hand is almost always prostrating at the start; 
the amylase test may or may not be elevated ; the patient fails to improve 
during the conservative treatment (Casberg® and Elman'”’’) ; and if 
nothing is done, he dies or goes thi-ough a prolonged illness with 
sequelae such as abscess or cyst formation. 

There may be repeated attacks of acute pancreatitis. Four of our 
patients had secondary attacks while in the hospital after the firet at- 
tack had subsided. Two had second acute attacks within one j’car, and 
one patient had three separate acute attacks within a period of two 
years. 

Treatment . — In acute edematous pancreatitis, diagnosed by amylase 
test, the curve should be followed and treatment should be conservative. 
Immediate operation is contraindicated. After the acute disease has 
subsided, the gall bladder should be studied and interval operation 
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carried out. The passage of small gallstones is frequently the cause 
of an acute attack of pancreatitis. In one of our patients a small stone 
was vomited during the height of a i>ancreatitis attack with prompt 
amelioration and recovery. Certainly in ai\y of these patients with 
biliary tract disease there is a rationale for exploring the common duet 
and dilating the lower end to abolish sphincter spasm. Some surgeons 



o Perih flaid 
X Post op. case 


Fiff. 1. — Acute pancreatitis gives serum amylase above the normal range except late 
in tlie onset and after the pancreas is necrotic. 

advocate drainage of the common duct for three to four weeks but tliis, 
to my mind, would depend on the amount of infection present. If the 
bile is clear, I do not hesitate to close the common duct tvithout drain- 
age. All eases of panereatic necrosis demand operation as soon as the 
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diagnosis can be cslaidisbed and the patient brought into condition for 
it. The necrotic tissue should be given a chance to extrude itself along 
a drainage tract, either through the peritoneal surfaces above or below 
the stomach or In' drainage through the foramen of Winslow. If the 



common duct is blocked it also should be drained. A certain number 
will be saved in this manner. 

For the relief of inti’actable pain during the attack the opiates may 
be successful. Nitroglycerin at times relaxes the sphincter of Oddi 



JIORTOX: ACUTE PANCREATITIS 


481 


Tadi-e I 


DIED PER (.’ENT 

Ar.ute Pancreatic liriema 

70 Cases TT 15.71 

41 Cases with operation 11 2G.82 

20 Cases without operation 0 0,00 

Acute Pancreatic Nccros'is 

^2rCases ' 10 70.37 

18 Case.s with operation 10 55.55 

9 Cases without operation 0 100.00 


and gives dramatic relief (Elman’®’*). Paravertebral injection in the 
eightli to tenth dorsal segments has been advocated (Popper^®'* and 
Dinsmore and Nosik®). 

Large meals and aleoliolic bouts .slionld be avoided in tlie period after 
leaving the hospital. In some cases mild pancreatitis attacks come on 
even after biliary tract surgery in tliese patients. EIman’"“ gives his 
patients tablets of Mon gr. (0.0006 Gm.) glyceryltrinitrate to carry with 
them. If one of these tablets is put under the tongue pi'omptly at the 
beginning of an attack it may be prevented. 

Results . — Review of tlie current literature shows that any large series 
of acute pancreatitis eases carries a considerable mortality. Thus, 
Fallis” had 46.2 per cent, BrtitP 50.0 per cent, Morley®^ 35.3 per cent, 
Yates®® 50.0 per cent, Ogilvie®® 50.0 per cent, Griessmann’® 34.0 per 
cent. Carter and Hotz® 53.3 per cent, Connell® 36.3 per cent. Lamp- 
son’® 33.0 per cent, and Reiehl®® 46.23 per cent, an average of 43.43 
per cent for these reports. In our previous collected results for immedi- 
ate operation out of 911 cases, there ivere 447 deaths or a mortality rate 
of 49.06 per cent.®®® The combined figures show only a slight improve- 
ment, 46.24 per cent. Our own figures show 67 cases in which opera- 
tion was done, with 24 deaths, or 35.8 per cent. 

As long as surgeons operate without using the amylase test to help in 
their diagnosis, there will be a mortality from acute edematous pan- 
creatitis. This should not be, but it accounted for two deaths in our 
series of 19 cases after the amylase test was available. Previous to that 
our mortality was 9 out of 22 cases in this group when operation was 
necessary to decide what type of disease we were dealing with. Wlien 


Tabi.e II 


DIED 

PER ('EKT 


Acute Pancreatic Abscess 

11 Cases 0 

8 Cases with operation 

3 Cases without operation 3 


■ 

Postoperative Pancreatitis 

20 Cases* 15 




•Before 1939. post mortem was the only way to know, therefore others mav have 
had It; now it can be tested. 
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tlie tost was used properly wo treated 29 ea‘<os of paueroatie edema with- 
out a death, not opcratin« durhui the heiflht of llie i cart ion. 

CASi: KUPOUT.S 

R. I). (Ho'-pdiil Ko. UlTS-lti), !i ■)2\ear(il(] «rll dci eloped and noli nourisliod 
man nn‘. admitted to the liospital, beinp; referred bj Ins doctor, mtli a dmp:nosb of 
perforated gastric ulcer, 3Ie nns seen m file cmeigemn department by numerous 
obseneis nlio all agreed on tlio diagnosis. His bistoii nas as follon's: Fourteen 
Iiours pieMOus to admission be nas anakenod In epigastric pain. Three hours before 
it heiame much •noise, with i.idintion to his back. The pain was reliesed In 
morphine Ho had a \ague gasfiointestiiial histoid ]ireM(msl\ : taking soda had 
brought leliof. On entoiing, his temperatuie was 'tti.s" pulse S2. lespiration 2-1. 
blood jiressurc 1 lO/hO, white blood lells 11,000 His abdomen was tl.it. There was 
boaidlike spasm in the upper quadrants and spasm in the flank on the right. Ko 
peristalsis was seen Flat plate of the abdomen showed no free air. I was asked 
to see him before 1 went home and agieed with the diagnosis. 1 asked that the 
operating room be set up in jnep.iration for a pciforated ulcer opeiation, but I 
suggested that an umjlaso tost be done 3 ust as a matter of inteiost the tune 
I leached homo theie was a telephone message s.uiiig that his aiinlase tost was 
(),-t()0 Ifeedless to say, ojieratioii was not p'u formed. The next day his aiinhise 
w,is 2,100; it gradually subsided ocer tlio next week and he weat homo following this 
against adiice, hciause he was a farinei who wanted to get his crops m and he 
would not Stax foi studs, gall hladdci senes, etc 

»S K. (Hospital No. 17S017) was a ticiiioiidouslj coipulent, .!f) j c<ir ohl woniaii 
who had had recurrent attacks of g.ill bladdei disease. TweUe da\s before admission 
bhe had a sexcro attack associated with dull pain, nausea, and xomiting. Morphine 
and atiopine failed to refiexe her. She had right iippei quadiant tendemess and 
Spasm in the gall bladder area. Blood count was ,’12, 000, icterus index IS, and blood 
amylase 1,600 

The attending surgeon thought that she was lu iiigont need of operation, the 
diagnosis being cholelithiasis, stone m common duct. Choh'cj stcc toiiix with chole 
dochotom_x was done on the dax of admission. The patient died txxo dajs after op 
eration. At operation she had marked edema of the pancieas as xxell as gall bladder 
infection. 

S Ix (Hospital No 183524), a 65 xear old well nourished man, x\as on the medical 
serxice, being studied because of right upper quadrant pain. Gastiointestmal senes 
showed duodenal ulcer, and gall bladder test showed poorly functioning gall bladder 
While still in the hospital lie had a sudden onset of acute, persistent, sex ere, pain 
and spasm, lomiting, maiked tenderness in the upper abdomen, most marked in the 
epigastrium His abdomen was rigid, levc so m the lower than in the upper. Lixer 
dullness was present. Theie was rebound tenderness in the epigastrium Tempera 
ture xvas 38° C, pulse 1.10, white blood count went from 12 to 16,000. Blood pres 
sure xvas 190/85 No flat plate of the abdomen ixns taken foi free aii but a diag 
nosis XX as made bx three surgeons, xxho saxx thi*- patient, of perforated duodenal 
ulcer. He was taken to the opeiatiiig room and under xinetheiie and ethei, free 
fluid and swelling of the entire pancreas xxitli edema were noted The abdomen xia*- 
closed. The patient died the second day following operation. 

Postmortem examination showed acute pancreatitis with fat neciosis and peritoni 

tis. Fiom the fluid remoxed at opeiation amjlase test showed a reading of 1,070 

*■ 

E M (Hospital No 134723), a xeiy obese bartendei, 34 xeais old, and a chionic 
alcoholic, XX as admitted to the hospital for the sixth time with a diagnosis of chrome 
choice jstitis, stones, and nephritis He had continued attacks of noniadiatmg 
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opig-astric puiii, nausea, and vomiting. Three days before admisi.sion tlie.^e atttnek.s 
were unusually severe in the right upper quadrant with epigastric pain and con- 
stant cramps, accompanied by vomiting. There wa.s no relief from opiates. Tem- 
perature wa.s 37.6“ C,, pulse 100, respiration. 30, blood pressure 200/115. He was 
a tremendously obe.se man. There was acute tenderne.ss in the epigastrium, but also 
in the lateral wall, e.speoiallj’ over the gall bladder. His liver was three to four 
fingerbreadths below the costal margin. 11*1510 blood count was 16,000. icterus index 
13. He continued to have pain with no relief, and repeated vomiting. He called 
out in pain and drank a largo amount of water. He went into .shock, became un- 
conscious. Medical men considered tins to be a case of diffuse peritoniti.s witli 
empyema of the gall bladder. Surgical consultation was called. It was suggested 
that pancreatitis might be a possible diagnosis. Accordingly, he was tapped. Blood- 
tinged fluid was obtained wbicli gave an amylase reading of 400. That night he 
vomited and aspirated the vomitus and died. 

Post-mortem examination showed acute pancreatitis, aspiration pneumonia, chronic 
cholecystitis, and cholelithiasis. 

M. K. (Hospital No. 161450), a slightly obese, 22-year-old woman, had some 
pork chops for dinner. Twentj’-four hours later she had severe epigastric pain radi- 
ating to the back, low down. It was agonizing and boring in character. She was 
nauseated but did not vomit. She was in acute distre.ss, rocking back and forth in 
pain, her arms pressed to her back. There was a boardlike spasm of the whole ab- 
domen and marked tendernes.s over the gall bladder. There was slight distention 
and some spasm to the left. Murphy’s sign was positive. Temperature was 37.6° 
C., pulse 84, respiration. 20, white blood count 17,000, amylase 2,000. She was given 
75 r. units of x-ray treatment. During the night she vomited a small gallstone. 
The next day she felt much better. Her amylase test twenty-six hours later was 
230, Five days after this, elioleeystectomy with exploration of the common duet was 
done. The gall bladder .showed chronic cholecystitis with one small stone. There 
were no stones in tlie common duct. She was discharged well. 

L. B. (Hospital No. 2361), a very obese, 49-year-old woman, was admitted to this 
hospital previously in August, 1932, with a history of nausea and vomiting. In 
October, 1932, she had nausea and vomiting, dizziness, and dull pain in the upper 
abdomen. Tins was increased during vomiting. There was general abdominal pain 
and tenderness, more in the right flank, sliglitly more in her epigastrium. Tem- 
perature was 38.8“ C., pulse 108, respiration 24, blood pressure 126/80. A diagnosis 
of acute pancreatitis was made. Exploration was carried out. Stones were found 
in the gall bladder. The pancreas was indurated and there was an abundance of 
fluid. Cholecystostomy was done. 

The patient was near death following operation, but after twelve hours she made a 
rapid improvement and the tube drained for forty-five days, after which she was 
discharged. She was to come back for cholecystectomy later the same year. An 
appointment was made for Nov. 20, 1932. She did not appear at this time, how- 
ever, and she felt well. She continued working as a school nurse. Nine days pre- 
vious to this admission, June 12, 1940, she had an upper respiratory infection and 
three days before, crampy, abdominal pain, and much gas on the stomach, relieved 
by enema and vomiting. Temperature was 37.6“ C., pulse So, respiration 18, blood 
pressure 115/88. She was apparently in no distress. There was a subsiding 
pliarj-ngitis. Abdomen was soft with no spasm. There was a slight resistance to 
deep palpation on the right of the upper abdomen. White blood count was 16,000. 
Flat plate of her abdomen showed nothing. Amylase test was 2,100. Oral ehole- 
cystogram showed no gall bladder shadow. She was given intravenous fluids and 
felt much improved; in the course of three days the condition subsided to normal. 
She was discharged without operation although it should be carried out, I believe. 
This is a good case because it is a two-times proved acute pancreatitis. 
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Ij. P. (ITospit.il No. 37793), a 25-y<'nr-oltl, olfp.se Negro worriiin, wns admitted to 
tlie hospital April 1, 1P'(2. Two hour.s before she had severe erampy abdominal 
pain associated, with nausea and vomiting. Two weeks before she Iiad erampy ab- 
dominal pain associated with her period.s, which was usual. Her two last periods 
had been of unusual length, eight to nineteen days instead of the usual three to four 
days. 

Two hours before she had severe erampy abdominal pain, nausea, and vomiting 
without radiation of the pain, although some of it was in her loft shoulder. Tem- 
perature was 37.4° C., pulse 72, ro.spiration 18, blood pressure llO/fiO. She did not 
seem to be in any very acute distress. There was marked tenderness to deep palpa- 
tion in the epigastrium but no distention or spasm. There was a mass in the right 
side close to the uterus and the white count was 32,000. The diagnoses suggested 
were many: cholecystitis, penetrating peptic ulcer, ruptured ectopic pregnancy, rup- 
tured follicle, hcmoperitoncum, and acute pancreatitis. Acute pancreatitis was diag- 
posed by the fact that her amylase registered 400 and n cul-de-sac puncture was 
made which gave 2,500 c.c. of blood-stained fluid. Amylase on this was 1,800. Flat 
plate of her abdomen showed gallstone shadow, probably. 

For one week she was treated by small dosc.s of radiation therapy and her amylase 
dropped to the lower limits of normal. On April 14 it was decided that .she had 
a left subphrenic abscess and this was drained, the pus pocket being identified. Fat 
necrosis was demonstrated in the tissue and necrotic fat from the drainage area. 
Sho was placed on M'angensteen suction. Intravenous fluids were given and she 
had a stormy course, draining profusely and developing glycosuria. Sho was given 
sulfonamide drugs and the condition gradually cleared up; on Juno 29 the wound 
was closed and there were no complaints. IVc have not been able to contact her 
since she left the liospital. 

E. M, (Hospital No. 823G3), a 53-year-old well-developed and well-nourished 
woman, was admitted to the hospital May 1C, 1943. Twenty-four hours previously 
she had a sudden onset of very severe mid-abdominal pain over the gall bladder, 
radiating to the back, shoulders, and around to both sides. Slio vomited repeatedly. 
At entry she was very ill and pale and had general tendcmc.ss with spasm, increased 
in the right upper quadrant and epigastrium. There was rebound and referred 
tenderness in the right upper quadrant. Temperature was 37° C., pulse 108, respira- 
tion 24, and blood pressure lOq/oO. Icterus index was 8, blood amylase 3,200. 

In 1912 her gall bladder had been drained and she liad many attacks of No. 3 
pneumococcus infections from that time on. A diagnosis of acute pancreatitis 
and chronic cholecystitis and cholelithiasis was made. Her amylase subsided over 
the next week so that it was ^vithin normal range. On May 31 a cholecystectomy with 
drainage and dilatation of the common duet was carried out. A fibrous constriction 
of the common duct was found. There were no stones in it, although the gall blad- 
der contained tliree. The common duct was drained with a catheter wliich was 
taken out June 5, 1943. 

The patient has remained well following this. 

E. O. (Hospital No. 164872) was admitted to the emergency department iMaJ 
6, 1940, While in church the day before, this 49-year-old woman had sudden pain 
in the right upper quadrant just below the costal margin. Tlie pain became more 
severe that evening and radiated strongly to her back. She liad fever and chills. 
The pain was constant, was not relieved by induced vomiting, but was somewhat 
relieved by hypodermic injection. On entry her temperature was 40° C., pulse 104 , 
respiration 24, and white blood count 23,400. She was acutely ill, pale, and slightly 
jaundiced. Her extremities were cold and sweaty. There was deep tenderness m 
the right upper quadrant and none elsewhere. Her urine showed positive bile. 
Amylase was 50 on admission, icterus index 15. After two comfortable nights s le 
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had severe epigastric pain and distention and boardlike spasms in both upper quad- 
rants. There was marked tenderness in the right upper quadrant, some in the left 
upper quadrant,' but no radiation. Her vita! signs wore up again. This time 
amylase reached 1,800 and the icterus index was 27. Her left pupil had been dilated 
since admission and was noted to be so .still. The nc.xt day amylase was 2,300 and 
the icterus index SO. She was given radiation treatment consisting of two doses 
of 100 r. and 75 r. each and there was immediate subsidence of the amylase reaction 
down to 200 by noon of May 10. The icterus index dropped to 10. On admis- 
sion her diagnosis had been a question of pneumonia or of acute cholecystitis, but 
the positive amylase test when she had the attack in the hospital made it apparent 
that we were dealing with an acute pancreatitis. After hydration and transfusion 
she made a marked clinical improvement and nine days after admission cholecystec- 
tomy was done with drainage of the common duct. The gall bladder showed acute 
and chronic cholecystitis without stones. The pancreas gave evidence of acute 
pancreatitis. It was enlarged to twice its normal size, firm, edematous, and had a 
bilious discoloration to it. Convalescence was uneventful and she was discharged on 
the fourteenth day. There was no follow-up study. 

E. P. (Hospital No. 177924) was admitted to the emergency department May 14, 
1941. She was a 48-year-old woman who had a sudden onset of severe epigastric 
and right upper quadrant pain. The pain radiated to the left and through to her 
back with some pain in the right shoulder. This was accompanied by nausea and 
vomiting of undigested food. Since her entry she has had continued severe, un- 
relieved pain, nausea, and vomiting. She had a similar attack three w’eeks before, 
but it was milder in nature. In her past history she has had much epigastric dis- 
tress, burning, and gas following meals. There was also some fat intolerance. 

On examination, temperature was 37° C., pulse 84, respiration 22, blood pres- 
sure 110/70. She was a ver}' obese woman in acute abdominal distress. There was 
generalized spasm of the abdomen and extreme epigastric tenderness in the right 
upper quadrant with spasm. Eeferred and rebound pain to the right upper quad- 
rant and periumbilical region. There was a positive Murphy’s sign, no costoverte- 
bral angle pain or tenderness. "White blood count was 13,800, icterus index 16 

units, and amylase 4,000. Flat plate of the abdomen was negative. 

She was confined to bed and treated with fluids parenterally with subsequent fall 
in the blood amylase level to 94. Her icterus index fell to 9 units. She was dis- 
charged May 26 to stay on a surgical soft and low-fat diet, with a diagnosis of 

acute pancreatitis and questionable acute cholecystitis. June 16, 1941, she was 
given an intravenous cholecystogram which .showed a nonfunctioning gall bladder. 
A diagnosis of chronic cholecystitis was made. It was decided to operate upon 
her in the fall at her request. She remained symptom-free on a diet until three 
days before her second admission, which was Dec. 26, 1941. The appointment for 
operation in the fall was not kept, but on the date of this admission she had an 
acute mid-upper abdominal pain with radiation to the back, associated with nausea 
but no vomiting. The attack lasted for about two hours. She had a similar at- 
tack on the day prior to admission and on the evening of admission had the third 
attack. She thought these attacks were brought on by taking some cream with her 
food. Cholecystectomy and exploration of the common duct were carried out. An 
acute and chronic gaU bladder, and cbolecystitis with cholelithiasis were demon- 
strated. The gall bladder was packed full of hundreds of small faceted stones. 
Following operation she has done very well and has remained sjTuptom-free to date. 

M. R. (Hospital No. 205096), a 52-year-old obese, Irish woman, was admitted 
May 20, 1943. She gave a five-year history of head pain and indigestion with two 
acute attacks accompanied by- nausea, vomiting, and acholic stools. Following a 
fatty meal she had onset of intermittent epigastric pain localized in the right upper 
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L. P. (Ifo'^pital No. STTO."?), a 2o-ypaT-oUl, obese Negro wonuin, was aibnitteil to 
the hospital April 1. 19-12. Two hours before she liad severe <‘rainpy al)iIominal 
pain associated adtli nausea and vomiting. Two weeks before she liad erampy ab- 
dominal pain a.ssoeiated with lier period.s, whicli was u.sual. Her two last periods 
had been of unusual length, eight to nineteen days instead of the usual three to four 
days. 

Two hours before she had severe erampy nbdOTninal pain, nausea, and vomiting 
without radiation of the pain, although .some of it was in her left shoulder. Tem- 
perature was 37.4® C.. pulse 72, re.spiration 18, blood pressure llO/GO. She did not 
seem to be in any very acute distress. There was marked tenderness to deep palpa- 
tion in the epigastrium but no distention or spasm. There was a mass in the right 
side close to the uterus and the white count was 32,000. The diagnoses suggested 
were many: cholecystiti.s, penetrating peptic ulcer, ruptured ectopic pregnanc 5 ', rup- 
tured follicle, heraoperitoneum, and acute pancreatitis. Acute pancreatitis wa.s diag- 
posed by the fact that her amylase registered 400 and a cul-de-sac puncture was 
made which gave 2,500 c.c. of bloodstained fluid. Amylase on this was 1,800. Flat 
plate of her abdomen showed g.allstone shadow, probably. 

For one week .she was treated bj' small dose.s of radiation therapy and her amylase 
dropped to the lower limits of normal. On April 14 it was decided that she had 
a left subphrenic abscess and this was drained, the pus pocket being identified. Fat 
necrosis was demonstrated in the tissue and necrotic fat from the drainage area. 
She was placed on IVangenstccn suction. Intravenous fluids were given and she 
had a stormy course, draining profusely and developing glycosuria. She was given 
sulfonamide drugs and the condition gradually cleared up; on June 29 the wound 
was closed and there wore no complaints. V^'c have not been able to contact her 
since she left the hospital, 

B. M, (Hospital No. 823G5), a 33-year-old well-developed and well-nourished 
woman, was admitted to the hospital hlay 10, 194.3. Twenty-four hours previously 
she had a sudden onset of very severe mid-abdominal pain over the gall bladder, 
radiating to the back, sliouldors, and around to both sides. She vomited repeatedly. 
At entry she was very ill and pale and had general tenderness with spasm, increased 
in the right upper quadrant and epigastrium. Tliere was rebound and referred 
tenderness in the right upper quadrant. Temperature was 37° C., pulse 108, respira- 
tion 24, and blood pressure 105/50. Icterus index was 8, blood amylase 3,200. 

In 1912 her gall bladder bad been drained and she bad many attacks of No. 3 
pneumococcus infections from that time on. A diagnosis of acute pancreatitis 
and chronic cholecystitis and cliolelithiasis was made. Her amylase subsided over 
the next week so that it was within normal range. On May 31 a cholecj’stectomy with 
drainage and dilatation of the common duct was carried out. A fibrous constriction 
of the common, duct was found. There were no stones in it, although the gall blad- 
der contained three. Tlie common duet was drained with a catheter which was 
taken out June 5, 1943. 

Tlie patient has remained well following thi.s. 

E. 0. (Hospital No. 164872) was admitted to the emergenej- department Hay 
0, 1940. Wlvile in church the day before, this 49-yenT-old woman had sudden pain 
in the right upper quadrant just below the costal margin. The pain became more 
severe that evening and radiated strongly to her back. She had fever and chills. 
The pain was constant, was not relieved by induced vomiting, but was somewlmt 
relieved by hypodermic injection. On entry her temperature was 40° C., pulse 104/ 
respiration 24, and white blood count 23,400. She was acutely ill, pale, and slight J 
jaundiced. Her extremities were cold and sweaty. There was deep tenderness m 
the right upper quadrant and none elsewhere. Her urine showed positive bi e. 
Amylase was 50 on admission, icterus index 15. After two comfortable nights s e 
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Post-niorteiu exuminsition. showed a pcripanercatic abseoss. a lotvoperitonoal ab- 
scess, a perforation of the colon next to the abscess, and a sinnll stone in the common 
bilo duct, with the wall of the abscess containing' many bowel loops, chronic pan- 
creatitis, and fat necrosis over the peritoneum. 

.T. S. (Hospital Ho. 170444), a C9-year-old obese woman, was admitted to tlie 
hospital April 9, 1941. She had severe pain in her back and abdomen over a period 
of the last five years, coming on approximately once a month and lasting four to 
five days, then disappearing spontaneously. Five days previous to admission slie 
had severe pain in the lower abdomen which she had never had previously. This, 
persisted until her admission, keeping her .awake at night. She said the pain was 
greater in the right lower quadrant but was indefinite as to its situation. Associ- 
ated with this there was also marked back pain which had been constant. The 
patient had been confined to bed. There had been no nausea, vomiting, constipation, 
injury, genitourinary symptoms, or gall bladder history. Her appetite had been 
poor and she had taken mostly liqnid.s, with the result that she has lost about 
twenty pounds in the last year. 

On entrj- her temperature was 37° C., pulse 100, respiration 22, and blood pres- 
sure 115/70. She appeared to be in con.siderable pain. Her skin was dry and 
flushed. Slie .showed generalized arteriosclerosis and arteriosclerotic heart disease, 
class 2-A. Her abdomen was rounded,- diffusely tender with spasm and marked 
tenderness at the dorsal-lumbar spine, both sides. No masses or viscera ■were 
palpable. There was a question of fluid in the abdominal cavity and marked dis- 
tention. A tender mass was thought to be felt in the right upper quadrant. She 
showed mild diabetes. Hliile blood count was 17,000. Amylase test was done and 
showed 130. Icterus index was 8, nonprotein nitrogen, 133, and a flat plate of the 
abdomen was negative. There was little from which to make a diagnosis, accord- 
ing to the consult.ant who attended, but it was suspected that the patient had an 
acute pancreatitis in spite of the low amylase test. 

Two x-ray treatments of 100 r. each were given over the pancreas. Under local 
anesthesia a large amount of prune juice fluid was obtained. A normal gall blad- 
der ■was noted. There w-ere fat necroses in the omentum, one piece of which was 
biopsied and showed fat necrosis microscopically. 

She was treated with parenteral fluids and insulin with a good response. Her 
postoperative course was marked by daily elevation of temperature and one episode 
of decompensation of her heart which required digitalis for control. She continued 
to be lethargic for a couple of days postopera tively. Her course was fairly good 
although a large tender mass was present in her abdomen which was considered 
to represent pancreatic abscess. On the twenty-sixth daj- she had acute abdominal 
pain and the passage of clotted blood per rectum and coffee-ground vomiting. The 
patient went rapidly into shock and did not respond to therapy. She died on the 
twenty-sixth postoperative day, or exactly one month after admission. 

At post-mortem she showed acute liemorrhagic pancreatitis with extensive fat 
necrosis, perforation of the duodenum, and transverse colon. There was a peri- 
nephric abscess on the right side and chronic cholecystitis and cholelithiasis with 
impacted stones in her cystic duct. 

A. F. (Hospital No. 180482) w:is a 05-year-old. well-hourislied man. AVhile walk- 
ing, he had a sudden, severe pain in the pit of his stomach. It spread through his 
entire abdomen. He got relief by lying on his left side and remaining quiet. This 
pain was of twelve hours’ duration when he was admitted to the emergency depart- 
ment. He was vomiting a coffee-ground material continuously if he took anything 
by mouth. He -was pale, in acute distress, perspiring, and anxious. There were 
slow, thready pulse, diffuse tenderness of the abdomen, spasm, and rebound tender- 
ness. There was no distension although liver dullness could not be definitely made 
out. A flat plate of the abdomen showed no free air and no trapped air in terminal 
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loop?. Temperature was .'58° C., pul.^c SO, rcppiration 2-i. blood prePsure 120/80. 
icterus index 20, and amylase 2,G00. His referring diagnosis was ruptured peptic 
ulcer. 

He was given four treatments of 100 r. each by x-ray and his amyla.^c dropped 
from 2,000 to 1,280. Ho made a steady improvement. His pain disappeared after 
the third day. He was well hydrated, comfortable, and on a house diet. On the 
fifteenth hospital day he had an attack. His temperature went to 40..o° C. Amy- 
lase at this time was 1,778, icteric index 30. He had erampy pain. This was un- 
doubtedly an attack of recurrent pancreatitis. Ho was treated again as pre\’iouply. 
Ho became afebrile, his icterus sub.«idcd, and one week later an intravenous chole- 
cystogram was done, following which he had a steadj' downhill course and died on 
the thirtieth hospital day. Post-mortem examination was not obtained. 

C. V. (Hospital Ho. 35220), a -iS-ycar-old well-nouri.»hed woman who was a per- 
nicious anemia patient, was admitted to the hospital. Fifteen hours before, she 
had upper abdominal pain which was the fourth and sevcre.st attack of this kind in 
the last year. There were x>crsistcnt vomiting of bilious material and pain which ran 
from the loft to the right. Thirty years before she had jaundice. Her vital signs 
were normal. She had epigastric tenderness and moderate spasm, more prominent 
on the right than on the left side. There was a positive ilurpliy’s sign. Blood 
pressure was 100/88, white blood count 13,000. amylase 1,200, icterus index IG. 
■Without waiting for the result of the amylase test, operation was carried out. 
Serosanguineous fluid was present in large amounts. Gall bladder was thin. There 
were no stones. Pancreas was enlarged, edematous, and had a yellow-greeni.sh dis- 
coloration. Amylase on the abdominal fluid was 2,700. Following operation the 
patient was given x-ray over the pancreas and the an)yln?o test dropped to normal 
within three days; she was discharged on the fourteenth day in good condition. 

In August, 1941, she had an attack which was similar to this and went to a 
hospital in Auburn where a former resident of this hospital worked. He made a 
diagnosis of an acute pancreatitis. The attack subsided in four da 3 's and she was 
discharged from the hospital. She has been followed in the pernicious anemia clinic 
since that time and was well to October, 1944. 

J. S. (Hospital Ho. 120402), a C2-j'ear-old rather obese woman, Oct. 12, 1936, had 
a definite attack of acute pancreatitis diagnosed bj- operation. Fat necrosis was 
present at that time, as well as edema of the pancreas. Since then she has had 
gas after eating regularlj*. Three hours before admission, she had an acute ab- 
dominal pain localized in the upper abdomen, severe, generalized associated wth 
nausea but no vomiting. She was in acute distress, appeared to be in shock. She had 
cold, clammj' extremities. There was slight distention. Tenderness was general 
and there was spasm in the right upper quadrant. The liver dullness was not oblit- 
erated. Temperature was 30.6° C., pulse 84, re.spiration 24, blood pressure 115 / 68 , 
icterus index IS, white blood count 25,000, and amj’lase 4,000. 

She was given 300 r. x-ray treatment over the pancreas and the following day 
her amj'lase had dropped to 1,200 and by the third daj' was in the range of normal. 
Her tenderness subsided but distention remained. She was allowed up and gradu- 
allj' became normal. A gall bladder series was taken December 10 and showed stones 
in the gall bladder. Cholecj'stectomy with exploration of the common duct was done. 
There were visible fat necroses present and the pancreas was seen to be firm, rough, 
and nodular. She responded well to operation and was discharged home well. She 
has been well to date. This woman has had two attacks of acute pancreatitis. 

P. B. (Hospital No. 173081), a 40-j’ear-old obese woman, was admitted to the 
hospital complaining of sharp pain in the shoulders and back and between the 
shoulder blades, of five weeks’ duration. She had pains in the chest for the last 
five weeks, also with persistent cough. She had para-umbilical pain for five weeks 
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niul two clays before admission it became very sliarp, soniefliing leaving “let go" 
in her left abdomen. She had .severe sharp pain after that, vomiting, hot bunting 
pain, and diarrhea. In lior past lii.story .she had a bad heart, rlieuniatic heart dis- 
ease. Temperature was 35.0“ C., pulse 90, respiration 20, white count 10,000. .She 
was in acute pain. There was generalized abdominal fendcrnc.ss which was increased 
to the left of the umbilicus and in the loft upper quadrant there was a firm, herni- 
ated mass at the umbilicus, tender to touch. She kept her left leg flexed for relief. 
A diagnosis of incarcerated omentum and strangulated hernia was made. 

Under vinetheno and local anesthesia the hernial .«ac was opened. A strangu- 
lated omentum, greatly thickened and hemorrhagic, was dissected away from the 
colon. For si.v days she was afebrile and comfortable. Then she developed fever 
and moderate pain again. There was moderate distention, tenderness and pain in 
the right upper quadrant, moderate umbilical pain and muscle spasm, and free 
fluid which was sterile to culture. The question of pancreatitis was raised. For 
ono month she had fever and pain which was severe and constant, finally slowly 
improving. About three-fourths of the way along her course an amylase test was 
taken which showed a reading of 540 and repeated tests showed it never below 420. 
Microscopic examination showed acute and chronic organizing inflammation of the 
omentum and sterile fluid. She was discharged one month after entry in good con- 
dition. This was undoubtedly the result of an acute pancreatitis with resolution of 
nddespread inflammatorj’ reaction. 

M. T. (Hospital No. 125461), a 48-year-old sllglitl.r obese woman, was admitted 
to the emergency department April 10, 1941. She had sudden, severe, epigastric 
pain starting four hours previouslj', radiating to her back and to the left. She had 
two spells of vomiting. The pain went to the left costovertebral angle also. Her 
sjTnptoms suggested “intestinal obstruction." Temperature was 37° C., pulse 86, 
respiration 24, blood pressure 150/95. She was uncooperative and complaining, 
rolling about in bed and moaning. Her abdomen was large and rounded. There 
was no free fluid present. She had tenderness at the left costovertebral angle and 
diffuse abdominal tenderness. There was no spasm or mass at entry. Her icterus 
index was 7, white blood count 16,000, The diagnoses suggested were; gall bladder 
infection, posterior perforated ulcer, partial intestinal obstruction, kidney stones, 
pancreatitis, ovarian eyst. She was admitted to the hospital and her amylase test 
showed 3,200. A course of x-ray therapy was given to her, consisting of 100 r. units, 
six times. Coincident with this treatment there was a rapid drop in her amylase 
from the initial figure to 80. She refused operation. After the condition had sub- 
sided, she was in the hospital for about one month, and during that time a mass 
was palpable in her right upper quadrant. This was thought to be either a distended 
gall bladder or perhaps an abscess in the region of the pancreas. However, she 
continued to refuse operation and was discharged in the latter part of May, 1941. 
At the last report the patient still refused to accept advice but was having con- 
siderable indigestion and symptoms of chronic cholecystitis in attacks. She was last 
seen in April, 1942, at which time she remained about the same as she had been 
previously. 

CONCLUSIONS 

Pancreatitis must be considered as a possibility in patients com- 
plaining of sudden severe epigastric pain. 

The serum amylase test is of the greatest assistance in deciding 
whether the pancreas is involved. 

The test is easily carried out, is accurate, and gives more important 
information than any of the routine lahoratoiy tests. 
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Clinically, there are two distinct pathologic types of acute pancre- 
atitis, acute edematous and pancreatic necrosis. 

Acute edematous pancreatitis can be diaKiio.scd by the serum amylase 
test and the rapid improvement under conservative treatment. 

Pancreatic necrosis must be suspected when the patient .fails to make 
improvement within a few days. 

In acute edematous ]iancreatili.s o))eration .should be deferred until 
the reaction has subsided. 

Acute edematous pancreatitis is followed by chronic pancreatitis fi’e- 
quontly, as is demonstrated at late operalio?). 

Pancreatic necrosis is followed by a))see.s.s', diabetes, and pseudoeysts 
in a proportion of tho.se who survive. 

Conservative treatment of paJicreatic necrosis oi' pancreatic abscess 
is disastrous. 

When diagno.sis of either condition is snsi)ected, operation is indicated 
as soon as the patient can be properly prepared for it. 

Biliary tract disease should be treated after an acute pancreatitis 
attack if it has played a part in the onset. 

Any surgical manipulation about the lower end of the common duct 
or the head of the pancreas is likel.v to be followed by postoperative 
acute pancreatic edema. 

This can be demonstrated by the amylase test. 

There is a considerable danger of this in tlic resection of posterior 
duodenal ulcer perforating into the pancreas. 

It carries a mortality which should be taken into consideration in any 
series of duodenal ulcer resections. 

The case reports were selected to illustrate points made in this 
discussion. 

REFERKXCK.S 

1. Ackerman, L. V.; Acute Pancreatitis Following Blood Tjiinsfusion, Arch. 

Path. 34: 10C5-10C9, 1942. 

2. Bisgard, J. D., and Baker, C. D.: Studies Relating to the Pathogenesis of 

Cholecystitis, Cholelithiasis and Acute Pancreatitis, Ann. Surg. 112: lOOfi- 

1034, 1940. 

3. Brodie, N. N., and Ficarra, B. J.; Acute Hemorrhagic Pancreatitis, a new 

Etiological Concept and Case Report, Am. J. Surg. 63; 394-397, 1944. 

4. Briitt, H.: Konservativc oder operative Behandlung der akuten pankreas- 

nekrose? Zentralbl. f. Chir. 66; 1122-1126, 1939. 

5. Carter, R. T., and Hotz, R.; Pancreatitis and Biliary Tract Disease, Am. J. 

Surg. 44; 719-722, 1939. 

6. Casberg, M. A.: Acute Pancreatic Necrosis and Acute Interstitial Pan- 

creatitis; Treatment Without Operation, Arch. Surg. 39: 247-263, 1939. 

7. Clark, E.: Pancreatitis in Acute and Chronic Alcoholi.sm, Am. J. Digest. Dis. 

9: 428-431, 1942. 

8. Connell, F. G.: Acute Pancreatitis With Fat Necrosis, Am. .1. Digest. Dis. 8: 

327-328, 1941. 

9. Dinsmore, R. S., and Nosik, W. A.: Pain in Acute Pancreatitis, S. Clin. North 

America 19; 1253-1261, 1939. 

10. (a) Elman, E.: Nitroglycerin in Treatment of Acute Pancreatitis, Am. •!. 

Digest. Dis. 6; 474-475, 1939. 

(b) Idem, Surgical Aspects of Acute Pancreatitis, .1. A. kl. A. 118: 1260 - 

1268, 1942. 



TktORTON ; AOUTK 1‘AXCKKATITIS 


491 


11. (a) Fallis, L. S.: Acute I’ancrcatitis, Am. .T. S\n{i, 46: OOS-.IS'O, IDRO. 

(b) Fallis, L, S., uml Plain, G.: Acute Pancreatitis, StntOKRY 5: .1.68-:i7;i, 
1.03.0. _ . 

12. Gaither, E. H.: Etiolof^j', ])in>;no.sis and Medical Alanageinent of Pancreatic 

Disease, Am. J. Digest. Dis. 6: 429-434, 1939. 

13. Gaskell, J. F.: Acute Heniorrhagie Pancrcatiti.s as a Cause of Sudden Death, 

Clin. .1. 71: 12-18, 1042. 

14. Gottesnian, J., Casten, D., and Boiler. A. .1.: Change.s in Electrocardiogram 

Induced by Acute Pancreatitis, .E A. M. A. 123: S92-S04, 1943. 

15. Griessmann, H.: Zur diagnose und therapie der akutor pankrensekratikimgen, 

Deutsche Zt.sclir. f. Ghir. 252: 10-40, 1030. 

16. Ireneus, C.: Experimental Bile Pancreatitis With Special Eefercnco to Re- 

covery and to Toxieitv of Hemorrhagic Exudate, Arch. Surg. 42; 120-140, 
1941. 

17. Johnson, T. A., and Bockus, H. L.: Serum Lipase Test, .4m. J. Dige.st. Dis. 

10: 1-7, 1043. 

18. Jones, E. .Tr.: Etiologv and Pathogenesis of Acute Hemorrhagic Pancreatitis. 

Am. J. M. Sc. 205: 277-301, 1943. 

19. Lampson, E. S.: Acute- Pancreatitis, Ann. Surg. 116: 367-372, 1042. 

20. Lynch, K. M.': Pancreatitis, an analysis of Types and Causes, Ann, Int. Med. 

■ 14: 62S-G40, 1040. 

21. (a) MeCorkle, H., Goldman, L., and Cornell, E. K.: Significance of De- 

terminations of Serum Amylase in Acute P.ancrentitis, Clinics 1: 756-761, 
- 1942. 

(b) MeCorkle, H., and Goldman, L.: Clinical Significance of Serum Amylase 
Test in Diagnosis of Acute Pancreatiti.s, Surg., Gvnec. & Ohst. 74: 439- 
455, 1942. 

22. Morley, J., Yates, H. B., and Ogilvic, Mk H.: Acute Pancreatitis. Proc. Kov. 

Soe. Med. 32: 670-681, 1030. 

23. (a) Morton, J. J.: Acute Pancreatitis, New York State J. Jled. 40: 255- 

263, 1940. 

(b) Morton, J. J., and Widger, S.: The Diagnosis and Treatment of Acute 
Pancreatitis, Ann. Surg. Ill: 851-863, 1040. 

24. Ogilvie, E. F.: Duodenal Diverticula and Their Complications With Particu- 

lar Eeference to Acute Pancreatic Necrosis, Brit. J. Surg. 28: 362-360, 
1941. 

25. Polowe, D.: Blood Amylase, Am. J. Clin. Path. 13: 288-301, 1043. 

26. (a) Popper, H. L.: Etiology of Acute Pancreatitis, Am. J. Digest. Dis. 9: 

186-187, 1942. 

(b) Popper, H. L., and Plotke, P.: Observation on the Disappearance of Ex- 
perimentally Increased Blood Amylase and Lipase, Si’RGEry 9: '706-711, 
1941. 

27. Probstein, J. G., Wheeler, P. A., and Gray, S. H,; Perforated Peptic Ulcer; 

Its Differentiation From Acute Pancreatitis by Blood Diastase Determina- 
tion, J. Lab. & Clin. Med. 24: 449-452, 19.39. 

28. Keiehl, E.; Zur Klinik und Therapie der akuten Pankreasnekrose. Arch f 

klin. chir. 197: 428-447, 1939. 

29. Shuniacker, H. B.: Acute Pancreatitis and Diabetes, Ann. Sur<>- 112' 177- 

200, 1940. 

30. Smyth, C. J.; Etiology of Acute Hemorrhagic Pancreatiti.s With Special 

Eeference to the Vascular Factors, Arch. Path. 30: 651-669, 1940. 

31. (a) Soniogyi, M.: ilicromethods for Estimation of Diastase, J Biol Cheni 

125: 399-414, 1038. 

(b) Idem: Diastatic Activity of Human Blood, Arch. Int. jNfed. 67: 665-670 
1941, 

32. Whipple, G. H., and Goodpa.sture, E. W.: ..Voute Hemorrhagic Pancreatitis 

Surg., Gynec. & Obst. 17: .541-547, 1013. ’ 



INVESTIGATION OF THE CAUSE AND PREVENTION OP GAS 
PAINS FOLLOWING ABD05IINAL OPERATION 

IIkkbeut n. DA^^s, jSI.D., F.A.C.S., aisd Tiikodork jM. IIaxsex, jM.D. 

Omaiia, Nkbr. 

I N THE iinniccliate eoiivalesccnee from the routine type of abdominal 
operation the most common causes of distress are gas pains, nausea, 
and vomiting; tliey are of such usual occurrence that they are accepted 
as a matter of coui'se and little is done to alleviate them. Both dis- 
tressing conditions can he prevented to a great degree hy proper proce- 
dure. For a time after abdominal operations there is decreased mo- 
tility of the hovel ; therefore, any gas in the bowel remains there, caus- 
ing distention and pain. 

In a group of patients at the University Hospital a few years ago, 
observations on the motility of the bowel after appendectomy were con- 
ducted by one of us (H. H. D.). In a series of cases in which appen- 
dectomies were performed under spinal anesthesia, each patient was 
given a small quantity of barium a few days before operation and its 
passage through the intestinal tract watched. The same quantity of 
barium was given immediately after operation and its progress ob- 
served. At the end of two hours the stomach was empty in 64 per cent 
of the patients in the control group, and it was empty in only 20 per 
cent of the patients in the operative grou)). At the end of twenty-sN 
hours, we found that usually the barium had entered the rectum in the 
patients in the control group; it was in the ascending and transverse 
colon in those of the operative group. At the end of two days the 
stomach was empty in the patients in the control group, hut the barium 
was in the transverse colon and the sigmoid in those of the operative 
group. It was evident that a definite decrease in peristalsis followed 
even a simple appendectomy. 

Puestow,^ in liis Avork on peristalsis, showed a contrary motility be- 
tween the small and large boAvel, that is, the small and large bowels 
were not stimulated by the same drugs. He found the small bowel was 
stimulated, but the colon Avas inhibited by opiates, physostigmine, pro- 
stigmine, methylsulfate, and eholinc derivatives. Pitressin stimulated the 
colon but inhibited the small boAvel. 

In the past there has been an erroneous belief that the intestinal gases 
Avere the result of putrefaction arising in the bowel. In 1918, as a 
result of his experiments Avith animals, Kantor" shoAved that sAAmllowed 
air is the main source of gas in the boAvel. 

In 1926, jMcIver, Benedict, and Cline® analyzed gases Avithdrawn from 
the rectum in postoperative patients Avitli distention and in nonsurgical 
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patients. They found that the percentage of nitrogen was uniformly 
high. Since free nitrogen is lilierated in the intestines in small cpian- 
tities, if at all, it must he derived from air, 79 per cent of which is 
nitrogen. 

In 1934 Hibbard and Wangensteen' analyzed the composition of gas 
in the patient with distention and found that it was: carbon dioxide 
6 to 12 per cent, oxygen 10 to 12 per cent, methane and hydrogen low, 
and nitrogen 70 per cent. Hibbard and Wangensteen concluded that 
68 per cent of the gas in the bowel was due to swallowed air. In 1942, 
Singleton, Rogers, and Houston'' conducted a similar experiment and 
found: carbon dioxide 9.51 per cent, oxygen 5 per cent, methane 1.2 
per cent, and nitrogen 84 per cent. Tlie source of the nitrogen was con- 
sidered to be swallowed air. 

Wangensteen and Rea," in 1939, noted that with cervical esophag- 
ostomy there was no excess gas in the obstructed intestines. It has 
been noted, also, that in iiatients rvith complete esophageal strictures 
abdominal operations resulted in no gas in the bowel, and there was no 
tendency toward distention. 

Jluch of the air which is swallowed is done so in the induction phase 
of anesthesia. Were the patient not under the influence of sedatives 
prior to induction, the amount of air swallowed would be much higher. 
Uneasiness, excitement or resistance on the part of the patient is con- 
ducive to tlie swallowing of air. 

Proceeding upon the hypothesis that the swallowed air is the cause 
of gas in the bowel, we carried out a series of clinical experiments at 
the Immanuel Hospital. 

The Levin tube was inserted one-half hour after the patient had 
receiAmd a preoperative hypodermic of pantopon, gr. %, and scopola- 
mine, gr. 1/100. Thus the patient was semiconscious and relaxed and 
did not resist. Patients have been taken to the operating room and re- 
turned, not knovdng tliat the tube had been inserted and was functioning. 
In the operating room the Levin tube was connected with the bottles 
for gastric suction. measuring the amount of water displaced in 
the bottle by the Wangensteen technique, the amount of air swallowed 
])y the patient was determined. 

One of the problems eneomitered concerned the length of time the 
lube should be retained by the patient. The average of sixty-four hours 
(See Table I), we found to be too long. This average resulted because 
of experimental attempts to find the ideal time for removal, the span 
being from twenty-four to seventy hours, or longer. Careful attention 
to the Wangensteen fluid balance helped to determine the ideal time for 
removal. At first, more fluid came back l)y Wangensteen suction than 
the patient swallowed, but during the first, second, or third day, depend- 
ing on tlie patient, we foimd tliat the patient was drinldng more tlian 
the suction could remove. This indicated that llic material was going 
past the pyloric sphincter. Tlie character of the stomach contents changed 
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The' niisccllancous here arc all intrapcriloneul surporj'. 


ill this lime. During liie fir.st hours following surgery tlierc was a con- 
siderable amounl of liile returned, but at tlie lime more fluids were 
taken tlnin returned by 'Wangensteen suction, tlie stoniiicb contents re- 
turned clear, no longer bile stained, whicli indicated that there was no 
regurgilatiou from the duodenum. The time to remove the tube was 
indicated when a po.silive fluid balance, with no bile in the stomach 
contents, was achieved. 

In the series included in this experiment, one pjiticnt udio iiad an ap- 
pendectomy swallowed 700 c.e. of air during induction; there were no 
postopei’ative complaints. A cholecystectomy patient who swallowed 600 
c.c. of air complained of some gas ])ains which were relieved with atro- 
pine. In a subsequent operation, a .stenosis of the sphincter of Oddi was 
found which may have been a contributing factor to the postoperative 
distress. During anesthesia for hysterectomy, a woman swallowed 1,000 
c.c. of air; she complained of gas pains on the second day following 
removal of the tube, which had been removed at forty-eight hours. She 
was given four doses of pitressin for relief of gas pains. Another patient 
in whom we loosened some adhesions for partial obstruction, swallowed 
2,150 c.c. of air; thei-e were no complaints following surgery. A woman 
with bilateral oophorectomy swallowed 1,900 c.c. of air, and .she had no 
complaints. Another with a cholecystectomj^ swallowed 600 c.c. of air; 
she vomited nine ounces on the first postoi>erativo day, but was di’inking 
water faster than the Wangensteen suction could remove it. She drank 
a total of 8,000 c.c. of water on the first postoperative day. These 
patients were fairly comfortable and had no distention because the air 
was removed immediately rather than allowed to go down into the 
bowel. Once the air has passed into the bowel it is too late to get com- 
plete relief by Wangensteen suction. 

Apparently the only disadvantage in the use of the Wangensteen suc- 
tion is the slight discomfort experienced by the patient because of 
throat irritation due to the tube. However, in one patient, the tube 
was removed because of this irritation and within twelve hours the 
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With the Wangensteen suction 5 patients, or 10 per cent, were dis- 
tended ^Yitll gas. Of these, 4 had been operated upon for intestinal 
obstruction, cither complete or partial, and had moderate distention prior 
to surgery. In the group without Wangensteen suction there was dis- 
tention in 29 per cent. 

It has been mentioned previously that as a bowel stimuhant for the 
reduction of gas, prostigmine is specific for the small bowel and pitressin 
for the large bowel. Prior to the use of the Wangensteen suction these 
drugs were used extensively for the attempted reduction of gas and dis- 
tention. Sixty-four doses of pitressin, one-half ampule per dose, were 
used in fifteen patients in a eonti'ol grou]). Twenty-four ampules of pro- 
stigmine were used in 4 patients. Of these, 11 bad no distention prior to 
surgery. The categories of those who had received the drug were: 
cholecystectomy, 6 patients; pelvic operation, 5 patients; exploratorj" 
eeliotomj', 4 patients. After the use of the Wangensteen suction was 
adopted, only 2 patients were given pitressin. Of the twenty-seven doses 
administered, 1 patient with distention before surgery received twenty- 
five. 

Analyziirg our control scries, we found that the Wangensteen suction 
was used in 25 patients. Eight of these patients had either bowel re- 
section or gastrectomy. In the other 17 it was used in an attempt to 
reduce distention after it had once begun. We now believe this to be 
ineffective. It lias been tlic practice of many surgeons to pass the Wan- 
gensteen tube if the patient had marked distention and had severe 
gas pains, but m those in whom the gas liad passed from the stomach 
into the bowel only partial relief was achieved because the Wangensteen 
tube did not reach into the bowel. With the Wangensteen suction func- 
tioning prior to anesthesia, gas is drami out of the stomach before it 
has passed into the bowel and distention is prevented. This is par- 
ticularly true in cases of obstruction of the bowel. Therefore, the Wan- 
gensteen suction should be used for the prevention of gas and the 
Miller- Abbott tube for the reduction of distention once it has developed. 

A marked reduction in the need for rectal tubes, flushes, and enemas 
was observed. Coller, in a discussion on the subject, made the follow- 
ing remark : “As far as I Imow, enemas do nothing but exhaust the 
patient and stimulate reverse peristalsis and increase distention, and the 
rectal tube does nothing but cause piles.”® 

It is impossible to tabulate the clinical response of the patient. How- 
ever, it was noted that, comparatively, these patients made better prog- 
ress, felt better, and required less attention. 

Wangensteen suction usually is unnecessary in appendectomies and 
herniorrhaphies since there is generally a minimum amount of gas and 
distention. The routine use of Wangensteen suction in appendectomies 
has been discontinued, but if there are signs of peritonitis it is passed 
immediately. 
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CONGEUSIONS 

Iinmediatelj' following' abdominal operations there is some jiaresis 
of the bowel wall so that gas is not passed along the bowel properlj', 
to be expelled. Therefore, it collects, causing distention, pain, and, at 
times, vomiting. 

Swallowed air is the main source of gas in the bowel following opera- 
tions. It is advised to institute Wangensteen suction during the anes- 
thesia and surgical procedure, as well as in the immediate postoperative 
period, to evacuate the gas as it enters the stomach, and so prevent its 
entrance into the bowel. 
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(,'ASTIUC KE.SIOC’TIOX CERTAIN ACCTE PERFORATED 

LESIONS OF STOMACH AND DFOILENUM WITH DIFFCSE 
SOILTNO OF THE PERITONEAL CAVITY 


•I. DnwKY Bijjcjaiu). Omaha. Nkhk. 

F or many years tl^ero ai)i)earc<l to l)e a <rco.suv‘:ica! problem in the 
sur;j:ieal mana;j:omcnl of j)optie ulcers. The ulcers in ])eoi)lcs of con- 
tinental Euroijc seemed to differ in certain resj)ects, ])artieularly in re- 
sponse to therapy, from those of the peojdes of English-speaking nations. 
American and British surgeons -wei-e convinced that they obtained satis- 
factory rc-sults fi'om the conservative o]mrations of simple excision, gas- 
troenterostomy, and ])yloroj)lasty: whereas the surgeons of continental 
Europe learned very early that these procedures gave unsatisfactory 
re.sults in their patients, and for the most part, tliey abandoned them 
in favor of the more radical operations of i-esection. To account for 
this apjiarent difference, several exi)lanalions wei’C offered, among them 
differences of temiieramont. custom, diet, and associated gastritis. 

Howevei', in recent years as the surgeons of this country Imve accumu- 
lated an experience witli gastric re.section foi- pe])tic ulcers, and have 
had an opportunity to comi)are the late results of this o])eration with 
those obtained by the conservative procedures, they have become con- 
vinced, as were the surgeons of continental Europe, that I’c.scction pro- 
duces a much highei- percentage of permanent cures witli no significant 
increase in operative mortality. 

For more than a decade many Oerman and Ru.ssian surgeons have 
followed the same radical course in the treatment of acute perforated 
ulcers. Tliey have done emergency resections in the presence of diffuse 
soiling in all but the pooi'or risk cases and witli a mortality which seems 
almost incredibly low. As a matter of fact, the reported morta lit.v 
from resection has been dcfinitcl.v lower than that from sim ple closiu'C 
o£jthe perforation.s. - DeBakey, in 1940, in an exhaustive revievToTAlR 
Iiteratui'e, collected 2,392 cases in which re.seetion was done with a mor- 
tality rate of 13.4 per cent, and 5,589 cases of simple closure of por’- 
foration with a mortality rate of 25.9 per cent. It must be borne in 
mind that those in which resection was done represented a selected group 
in which the ]morer risks were excluded. Judine, in 1937, liowevev, 
reported a series of 418 cases of which 331 were good-risk patients, 
treated by resections with a mortalit.v of 7.8 per cent, and 87 were poor 
risks, treated b.v simple closure or simple closure plus gaslroenterostonp 
with a mortality of 32.2, giving an over-all mortalit.v of only 12.8 per cenL 
Two years later he reported bis own remarkable experience with 937 
cases of resection, with a mortality of 8.9 per cent. Even lower mor- 
tality rates have been reported. Jfulleder and Nenberger reported 21 
cases of resection with 4.8 per cent mortalit.v, and Odelberg, 20 case.s of 
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I’eseetioii with 5 per cent iiiorlality. Movtalily Tales uiicleT 14 pei' cent 
have been reported liy von Habercr, Jhml, Hromada and New'man, 
Gerhardt, Kochi, IMarine, Peters. Eieder, So.slcgni, Steiger, and several 
others. There are a few unusually low niortalily figures reported for 
small sei’ies of cases in which llie patients were treated by simple closure; 
Tilton, 2 per cent; Graham, 2 jicr cent; Pich, 2 per cent; Nicholas, 3.6 
per cent; Gilmour, and Saint, 4,7 per cent; and Black, 5.4 per cent. 

The advocates of primary emergency resection contend that not only 
is the immediate mortality less and certainly no greater than Unit of 
primary closure, but that the operation is curative rather than pallia- 
tive. There is a high incidence of recurrent ulcer symptoms following 
simple closure, contrary to general opinion. In DeBakey’s large col- 
lected series of followed eases, gasti-cctomy resulted in long-term relief 
of symptoms in 90.6 per cent of iiatients .so treated; simple clo.surc gave 
relief in only 65 per cent, and in 16.9 ])er cent of the simple closures 
subsequent operations were necessary. Ilaiiison and Cooper have re- 
ported reeuri’enee of symptoms in 82.5 per cent of cases following 
simple closure and Parker found that .subsequent operations were neces- 
sary in 34 per cent of the simple closures he analyzed. The follow-up 
studies of cases in which re.section was done, reported by Paul, Marine, 
and Odelberg, have indicated iiermanent cure in 100, 100, and 87 per 
cent, respectively. 

These comparative figures are significant not as a basis for choosing 
between the two procedures, but rather as evidence that resection may be 
accomplished in the pre.senee of a chemical peritonitis with little or 
no increase of hazard in the hands of skilled resectionists. It is not a 
matter of making a choice between the two jirocedures and establishing 
this choice as a routine. I believe that both procedures have definite 
roles in the management of these emergencies. I believe that the im- 
mediate interest of most cases is best served by simple closure of the 
perforation and that the liigh incidence of recurrence is not a deterrent. 
Recurrent ulcers requiring a subsequent resection can be handled by 
elective operations Avith less risk. 

There are a few cases, however, in Avhich primary resection is either 
the operation of choice or is definitely imperative. It is the purpose of 
this paper to present these indications Avith illustrative ca.se.s. Thc.se 
indications are: 

1. Perforated carcinoma of the stomach 

(a) Delimited-re.sectable lesions 

2. Perforated peptic ulcers a.ssociated with recent or simul- 

taneous gross hemorrhage 

3. Perforated peptic ulcers associated with fixed pyloric ob- 

struction 

4. Recurring perforations 

.5. Perforations with insignificant soiling 

6. Very early perforation in tlie very young 
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Probably under no circumstances should resection be undertaken un- 
less the patient is in fair condition, preferably young, and the perfora- 
tion of not over twelve liours’ duration. 

PERFOUATEU CAUGIKOJIAS 

Acute perforation of a carcinoma of tbe sloinacli into the free pei'i- 
toneal cavity occurs very infrecpienlly. I have had the unusual experi- 
ence of encountering two cases at operation. The first one was reported 
in 1944.= 

One hundred tventy years ago Laenuee I'ccordcd in his ease book an 
instance of perforation of carcinoma of the stomach with peritonitis. 
Since then the case reports which have a]>pcarcd in tlic literature have 
been collected periodically. In 1935, Aird re^^ewcd previous analj'ses 
and assembled seventy-one reported eases. To these he added one of 
liis own and seven otliers from the Eoyal Iiifirmaiy at Edinburgh. 

From a revieu of the literature since 1934, in eollaboration with 
Overmiller, 1 have collected an additional 13S cases in which the diag- 
nosis had been established at operation or post-mortem examination. 
In approximately one-half of those cases no operation had been per- 
formed. 

The combined series of 217 cases gives an erroneous conception of 
the incidence of perforation. Unquestionably only a few of the total 
number of cases ha\'e been reported. A more accurate impression can 
be gained from several available surveys of case records and autopsy 
reports. In these the inciclenee varies from 2.S to 6 per cent, as follows: 
Briuton, 21 perforations in a total series of 507 eases of carcinoma of 
the stomach; Ditrieh, 7 in 110; Lang, 12 in 210; Toinon, 9 in 255; 
Jaissou, 6 ill 135; aicNealy and ITedin, 11 fi in 3,289 and Casherg, 
7 in 247. 

In only 7 of the 217 eases was it alleged that a correct diagnosis 
had been made prior to operation or post-moi'tem examination. !Morc 
astonishing was the failure, in many instances, to recognize at operation 
that peifoiatioii had occurred in a carcinomatous crater instead of a 
benign peptic ulcer. Ihe failure to recognize tbe presence of tbe car- 
cinoma suggests that many of tbe carcinomas which perforate are small 
and relatively confined lesions presumably suitable for resection. This 
premise has been home out at the autopsy table. In these cases there is, 
therefore, the possibility of eonsidcrahlc salvage of life. 

Prom the study of 46 case histories collected from the literature, 
Chavannaz and Radoievitch distinguished four clinical 1ype.s: (1) cases 
with a sudden onset of severe epigastilc pain and manifesting the typical 
signs of a perforated peptic ulcer, this iireeccled by a loim or' short 
history of dyspepsia; (2) cases differing from (1) only in''ro.specl to 
absence of xirevious dyspepsia; (3) cases with an insidious onset exhibit- 
ing signs of a gradually progressive peritonitis; (4) cases in which the 



BISGARD : 


GASTRIC RESECTION EOR PERFORATED LESIONS 


501 


patients die of peritonitis and at no lime have symptoms to direct at- 
tention to the abdomen. About 70 per cent of tiie cases are types (1) 
and (2). 

Records of gastric anabases were presented in eight of the liistories 
reidewed by Aird and in fifteen of our collection. It is interesting that 
achlorhydria was present in only four cases, and that in most of the 
cases the acids were normal or excessive. This finding has been offered 
as further evidence that carcinomas which arise in the presence of nor- 
mal acids are ulcer'Careinomas and arise in pre-existent peptic ulcers. 
It can also be reasoned that a penetrating peptic ulcer can develop in 
a carcinoma. The break in the mucosa initiated by a new growth exposes 
the underlying tissue to the digestive action of the gastric secretions 
wliich may rapidly penetrate the wall and be responsible for the per- 
foration. .Irrespective of this academic question certain facts stand out. 
The patients with normal and high acids had long histories of dyspepsia, 
usually tj^pical of ulcer, and upon perforation presented a clinical pic- 
ture and pursued a course identical ■with that of perforated peptic ulcer. 

Too little data are available to determine definitely the influence of 
achlorhydria. Such as there is, suggests that carcinoma in the absence 
of acid perforate as a result of necrosis rather than ulceration and the 
perforation is likely to be relatively painless and silent, or if sudden 
and painful, then rapidly fatal from septic peritonitis. 

The two important problems relating to pm’forated carcinomas of the 
stomach are first, recognition of the carcinoma by routine biopsy and 
second, operative management. In approximately 50 per cent of cases 
a hopelessly incuralsle situation exists because of advanced peritonitis 
from septic soiling or dela 5 'ed intervention or because the tumor is not 
I'esectable. 

There is no question about the desirability of resection of resectable 
lesions — only a question of wlien it should be done. In an endeavor to 
answer this question the results of the various methods of management 
used in 115 operations in cases of the collected series are shown in 
Table I. 

Table I' 



EECOVEKCD 

HOSPITAL DEATHS 

Drainapfe alone 

9 

*J 

15 

Simple closure (tvitli or tvitliout drainage) 

9 

34 

Local excision with simple closure 

2 

4 

Simple closure and gastroenterostomy 

7 

16 

Simple closure and jejuiiostomj' 

0 

2 

.Te.iunostomY alone 

0 

o 

Primary simple closure and resection at sub-sequent 
operation 

Planned 1 

1 

Corrected* 

2 

o 

Primary resection 

13 

2 

Total 

37 

78 


•Pcrfc-ation at pvimarj’ operation was niisdiapno.oed peptic ulcer and proved 
nialifniant by .sub.sequent developments and studies. 
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A mortality oi 80 per cent following sim])le closure of perforations 
is nnderstanclable. Several reports contained remarks almut the dif- 
ficulty in obtaining satisfactory closure. Because sutiircs cut through 
the rigid and friable carcinomatous tissue, a few surgeons had to resort 
to suturing a patch of omentum over the ))erforation. In most instances 
post-mortem examination showed failure of healing with continued or 
subsequent leakage. This very considerable and inescapable hazard 
vitiates the theoretical advantage of the staged method of management; 
that is, emergency closure of the perforation by suture followed some 
days or weeks later by gastrectomy. In our collected series, 6 of the 
patients who recovered following ])rimary closure were subsequently 
.subjected to gastrectomy. Only 3 of them, or 50 per cent, survived. 
Ill 2 cases the two-staged procedure had been planned at the initial 
operation; in 4 the perforation had been closed in each instance upon 
the assumption that it ivas a perforated ulcer. After subsequent events 
and studies had proved these patients to have perforated carcinomas, 
resection was done. Furthermore, it is apparent from the hi.stories that 
several additional patients who failed to survive simple closure had 
resectable lesions which pfohably would have been resected at a second 
operation. 

For comparison with this record of two-stage management there are 
available in the literature the records of 15 primary resections, with the 
seemingly incredible result pf only 2 fatalities, a mortality of only 13 
per cent. 

In the series of cases collected by Aird there were 7 primary gas- 
trectomies with no mortality. iIcNealy and Hedin reported 7 primary 
gastrectomies with 2 fatalities in a group of cases collected by them 
from the records of Cook County and Wesley jMemorial Hospitals. Both 
authors expressed the opinion that the sui^erior results from primary 
gastric resection should be accepted with certain reservations. They 
believe that it was reasonable to assume that patients subjected to 
gastrectomy were in the most favorable general condition and that there 
is probably a tendency to report^ solitary successes and for the failures 
to be absent from the literature. These intangible factors in the avail- 
able data make a comparative estimate of the merits of the single- and 
two-stage operation impossible. However, it is my opinion that the 
hazard of a gastrectomy in the presence of a diffusely soiled peritoneal 
cavity has been gi’ossly overestimated and the hazard of leakage from 
a sutured perforation in carcinomatous tissue much underestimated. 

Case 1. — J. S., a Negro waiter, 49 years of ago, was admitted to tlie liospital 
department of tlie Union Pacific Bailroad, Dec. C, 1942, writhing with generalized 
alidominal pain. Tlie onset had been sudden, four hours previously, with severe 
pain in the epigastrium which diffused rapidly throughout the abdomen and then 
to the top of both shoulders. He had vomited a small amount of clear fluid soon 
after the onset. 
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He related that for one year he had had biiniiiip; and {jasoous distress in tlie 
epigastrium, which came on two or three liours after meals and during the niglif, 
and that this distress was relieved by the ingestion of food or alkalies. 

On his admission, three montlis previousl}', a diagnosis of duodenal ulcer had 
been made upon the basis of a pcrsi.stent deformity of the duodenal cap, %vith a 
10 per cent five-hour gastric retention, normal free and total acids, and the re- 
peated presence of occult blood in the stools. After ten days’ hospitalization on an 
ulcer regime lie was totall)’, if only temporarily, relieved of symptoms. 

The patient presented the classical signs of perforated ulcer, with the con- 
firmatory roentgenographic evidence of free ga.s in the peritoneal cavity. 

Operation was performed one hour after admission and five hours after onset of 
symptoms. IVlien the peritoneal cavity was opened tliero was an escape of mucli 
gas and “dishwater” fluid. The latter seeped from a diffused distribution through- 
out the abdomen. The stomach, delivered into the wound, presented a small per- 
foration on the superior aspect of the anterior wall approximately three inches 
proximal to the pylorus. Palpation revealed that the perforation was located in 
the center of a crater the size of a silver dollar which had a wide, hard elevated 
border confluent inferiorly with a similar border surrounding a smaller crater. 
Except for a few glands in question along the lesser curvature, there was no evidence 
of metastases. A small piece of tissue was excised from the edge of the pej-fora- 
tion and examined in' frozen section. The pathologist returned a report of adeno- 
carcinoma. 

Confronted with a situation regarding which I had no knowledge, I reasoned 
that healing of a perforation through carcinomatous tissue would be unlikely and 
since the lesion appeared to be a very favorable one for resection, an immediate 
subtotal gastrectomy, even in the presence of a soiled peritoneal cavitj', seemed a 
justifiable and logical pi'oeedure. Consequentlj’’, resection of the Polya-Balfour type 
was done. Five grams of sulfanilamide crystals were distributed over the peri- 
toneal surfaces, and the peritoneal cavity was closed without drainage. The wound 
in the abdominal wall was washed copiously with saline solution, dusted with sulfa- 
nilamide crystals, and drained. 

The pathologist’s report of the specimen was as follows: A large segment of 
stomach with attached mesentery. Eight centimeters from the pylorus there was 
a crater which measured cm. in diameter, with a central perforation the size 
of the head of a match. Adjacent was a smaller crater measuring li/, cm. in 
diameter. Both were surrounded by induration which disrupted the normal mucosal 
pattern. On the serosal surface there u'cre thickening and fibz'inous changes over 
the area of perforation. No glands containing carcinoma were found in the at- 
tached tissue. Sections from the borders of the crater show well-formed glands 
with well-differentiated cells containing liyperchromatic nuclei. There was occa- 
sional mitosis, and invasion of the muscularis. Diagnosis: Perforated ulcerating 
adenocarcinoma, of the stomach. Grade H, with no metastases to nodes of the 
attached mesentery. 

The immediate convalescence was entirely uneventful. Ten days following dis- 
missal from the hospital the patient developed a fever and a pleuritic type of pain 
at the base of the right chest. lie was readmitted to the hospital and a small 
right subphrenic abscess drained. 

He returned to work in four months and remained free of symptoms and ap- 
parently well, for one year and four months. He then developed an ascites with 
general carcinomatosis peritonea and died twenty months following operation. 

In this case, there was the advantage of a record of complete gastro- 
intestinal studies tliree montlis prior to perforation. The normal acidity 
of the gastric contents which .soiled the peritoneal cavity was probably 
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an important factor in preventing a baeteiial peritonitis. The typical 
nicer history of one year 's duration, in addition to normal acidity, raises 
the question Avhether the carcinoma was tlie sole and primarj" lesion 
or had its origin in a pre-existent benign ulcer. 

PERFORATED PEPTIC ULCERS 

Associated Recent or Simultaneous Jlcmoi'rliagc . — An impression of 
the incidence of hemorrhage in association with peiToration can be 
gamed from the report of McNeaty and Howser. In their series of 700 
cases there were 21 patients who had gi-oss hemorriiages with the onset 
of perforation. In DeBakey's series of 2,525 eases, there were 155, or 
6.1 per cent, incidences of hcmorrliage. Simultaneous hemorrhages 
occurred in 16, or 10.5 per cent, of the 152 ga.stric perforations reviewed 
by Winters and Egan. Harrison and Cooper reported 8 instances out 
of a series of 57 cases. Five of these patients died immediately following 
the operation of simple closure and one subsequently had a fatal hemor- 
rhage. As judged from this and similar references, hemorrhage con- 
tributes enormously to mortality and it would appear that simple closure 
of the perforation is inadequate because too often it fails to control 
the hemorrhage. Post-mortem examination has shoum that these patients 
often have multiple ulcers and that hemorrhage usually arises from the 
nonperforated one, often in the case of the duodenum, from the pos- 
terior of the two Idssing ulcers. Harrison and Cooper were able to 
demonstrate an open artery in one sucli case. I believe that gastric 
resection which removes the entire ulcer-bearing area and all sources of 
hemoiT’hage is indicated in these cases. A single experience of this kind 
is presented in Case 2. 

Case 2. — T). A., 4S years of age liad liad recurring ulcer sjmptoins for four 
years. He was admitted to the hospital five hours following perforation. For 
ten days prior to perforation he had had pain intractable to ulcer regime and four 
days previously had noted a tarry stool. At the onset of perforation he had vomited 
considerable coffee-ground material, felt faint, and had a large tarry stool; he 
later twice vomited blood. Examination revealed boardlike rigidity of the abdo- 
men and acute tenderness throughout, with roentgenologic evidence of free air in 
the peritoneal cavity. The blood pres-sure of 100/70, the pulse of 110, and the 
marked pallor all suggested active hemorrhage. An immediate exploration was 
done and 1,000 c.c. of bank blood administered through needles in both arms simul- 
taneously. There was diffuse but minor soiling of the peritoneum with grossly 
bloody fluid. On the lesser curvature about two inches distal to the cardio-esopha- 
geal junction, there was a small perforation which at the moment seemed to be 
sealed by a bloody fibrinous clot which was adherent to the anterior surface of 
the stomach about the perforation. A second ulcer slightly distal and on the pos- 
terior wall could be palpated. A biopsy was taken from the margin of the per- 
foration for frozen section and this proved to be only inflammatory, with no evi- 
dence of carcinoma. The stomach contained a considerable quantity of blood. An 
antecolic Hofmeister type of resection was performed, S Gm. of sulfanilamide crys- 
tals were placed in the site of operation and abdominal wall, and the abdomen 
was closed without drainage. FoUou-ing an uneventful convalescence, the patient 
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left the hospital in fourteen days. Tho gross spccimou showed kissing ulcers high 
on the lessor cuiwaturc, the anterior one perforated, tho posterior one penetrated 
to the serosa. The site of hemorrhage could not be dcflnitoly determined. 

REimTED OR RECURRENT ACUTE PJCRFOR-VTION 

Eecurrent perforations are uncommon. In DcBakoy’s collection of 
6,538 cases tliere were 74, or 1.1 per cent, reperforations. Davenport 
and Henry have each reported a case in which five reperforations oc- 
curred, and there are several recorded eases of three and four recurrent 
perforations. Patients in this category develop very acute ulcers which 
perforate with little or no tvarning. Because the records indicate that 
many of them have an ulcer diathesis and eventually require resection, 
there would seem to he adequate indication for an emergency resection 
at the time of the second perforation if performed under the favorable 
circumstances of early operation on a patient in good condition. 

Case 3. — C. B., 3S years of age, had had two previous perforations four years 
and ten months before, both treated by simple closure. He was admitted eight 
hours after the present or third perforation, and stsited that for ten days he had 
vomited daily. Typical findings were pre.sented, including roentgen evidence of free 
air in the abdomen. 

At operation there was diffuse soiling but only a moderate amount of fluid. 
There was an astounding absence of adhesions from the previous perforations and 
operations. The stomach appeared to be .dilated, and at the pylorus on the anterior 
wall there was a small perforation in the center of an indurated area which in- 
volved the entire circumference of the contiguous duodenum. The sites of previous 
perforations could not be identified. 

Because the ulcer appeared to be acute, because it was the third one to per- 
forate, and because there was evidence of pyloric obstruction, a subtotal anterior 
Polya gastrectomy was done. All fluid possible was aspirated from the peritoneal 
cavity, 10 Gm. of sulfanilamide crystals were placed around the site of operation 
and in the abdominal wall, and closure was effected with drainage of the wall only. 
Convalescence was uncomplicated and the patient left the hospital in eleven days. 
Examination of the specimen revealed, in addition to the perforated one, a pene- 
trating kissing ulcer on the posterior wall and a small shallow prepyloric posterior 
ulcer. 

PERFORATION ASSOCIATED WITH PYLORIC OBSTRUCTION 

Perforated Jejunal Stoma Ulcer.— Only occasionally is the com- 
bination of fixed or permanent obstruction at the pylorus and acute 
free perforation encountered. Often the edema and induration about 
a perforated duodenal ulcer so narrows the lumen that many surgeons 
early in their experience have had much anxiety about restoration of 
patency following closure of the perforation, and not infrequently have 
been led to supplement closure with gastroenterostomy. Fortunately, 
the inflammatory process rapidly subsides and an adequate lumen is 
restored in all hut a few cases. These may ho designated as fixed in 
coniradistinetion to the apparent obstructions due to swelling. Fixed 
obstruction is the re.sult of scarring incident to long-standing ulceration, 
often multiple ulcers. In these eases a by -pass must he provided and 
for this pui'pose gastroenterostomy is a poor second choice to re.section. 
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111 tlie patient ivliosc history follows (Case 4), a gastroenterostomy 
had lieeii performed and had proved inadecpiate. Not only had it failed 
to cure or prevent suhset]nent uleeration in the duodenum hut also it 
had added a new source of trouble, an ulcer at the stoma which had 
perforated. This complication of ulceration in or about the stoma, or 
more often in the efferent loop of the jejunum, occurs not infrequently 
following gastrojejunostomy hut only occasionally following subtotal 
gastrectomy. The incidenee following ga.strojejunostomy has been e.sti- 
mated at figures varying from 1.4 ('Walton) to 34.0 (Lewisohn) per 
cent. There is also a wide difference of opinion regarding the frequency 
with which these ulcers perforate into the free peritoneal cavity. Liebein 
reported 30 perforations in 129 cases, an incidence of 23 per cent. 
Toland and Tliompson who collected 93 cases, all that they wei-e able to 
find in a .search of the literature to 1936, estimated the incidence of pei’- 
foration at less than 1 per cent. 

The primary objective in the management of this emergency, as in 
tlie case of perforated gastric and duodenal ulcers, is the immediate 
survival and recovery. It would seem that simple closure is the simplest 
and therefore the safest method of aecom])lishing this objective. Curi- 
ously enough, this is not the case as judged by the evidence available in 
the literature. In the series collected by Toland and Thompson, simple 
suture of the perforation was carried out in 51 cases with 9 deaths, a 
mortality of 1T.6 per cent. In 17 cases, the emergency Avas handled by 
subtotal gastrectomy with only 1 death, a mortality of only 5.8 per cent. 
Disconnection of the gastrojejunostomy restoring the normal sequential 
relation of the stomach and intestine was utilized in 4 cases Avith no 
deaths. Gastroenterostomy alone or in combination Avith other proce- 
dures Avas used in 7 eases Avith 2 deaths, a mortality of 28.5 per cent. 

In only 1 case in this entire series Avas there reported the association 
of a perforated jejunal ulcer and fixed pyloric obstruction. As in my 
case, a subtotal gastric resection AA-as done. 

Case 4. — J. J., 41 years of age, liad had a posterior gastrojejunostomy two years 
previously for a duodenal ulcer which was intractable to therapy. He had been 
free of symptoms for one and one-half years, but during the past eight months 
symptoms had recurred and relief was obtained only with constant adherence to an 
ulcer regime. For two weeks there had been much pain at the umbilicus and in 
the back (about the first lumbar vertebra). It occasionally radiated into both 
te.sticles. 

Four hours before admission the patient was seized with severe generalized ab- 
dominal pain and vomited only a small amount of bile-stained fluid. The clinical 
picture was typical of perforation. The blood studies revealed only a slight anemia, 
hemoglobin 12.5 Gm. and red blood count 4,000,500. 

At operation, which was done immediately, diffuse and copious soiling and free 
gas were encountered, as were extensive adhesions between the abdominal wall, the 
omentum and stomach, and between the duodenum and liver. After retracting the 
transverse colon upward, the point of leakage was traced to a small perforation 
on the right anterior aspect of the gastrojejunal stoma. After adhesions were 
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freed, un ulcer was found on the superior napeet of the lirsf ])orfion of the duo- 
denum and an apparent scar on the anterior aspect. The lumen appealed to he 
almost occluded at this point. 

The anastomosis was taken down, the stomach suhtotally resected, and a pos- 
terior full stoma anastomosis done. 

As in the previous cases, .sulfanilamide crv.stahs were used and drainage rvas 
instituted for the abdominal wall only. 

The patient had a very stormy convalescence as a result of atelectasis of (he 
right lower lobe and what appeared to be peritoniti.s, followed on the eightli day 
by total wound disruption. However, he left the hospital in good general condition 
on the twenty-second day. 

I'lSBY EARLY PERI-'ORATIOX IN’ THE VERY YOUNG 

Under this heading- are included the cases with insignificant soiling. 
The choice between resection and simple closure in this group is de- 
batable and is influenced Itv individual factors such as the temperament 
and occupation of the patient and the inclinations and ability of the 
surgeon. In the hands of skilled surgeons, resection will be attended 
by little or no more primary mortality than simjile closure, and .the 
percentage of permanent cures will he much larger. The majority of 
individuals under 35 years of age do not remain free of ulcer symptoms 
following simple closure and in many instances the recurrent ulceration 
necessitates surgical intervention. Case 5 represents tliis group. 

Case 5. — ^D. B., 26 years of age, wa.s admitted Dee. 8, 1943, two Iiours following 
perforation. He Imd had recurring ulcer S 3 ’mptoms for two .vears, which liad 
ahvay.? responded to ulcer therapj' until the present episode which had lasted five 
days. 

Imniediatelj' after eating his evening meal he was sei/.cd suddonlj- with severe 
general abdominal pain, worse in tlie epigastrium. Upon admi.ssion he presented 
the typical clinical picture of a patient with perforated ulcer, including radio- 
grapliic evidence of free air in the peritoneal cavity. 

At operation, ivhich was perfoimed immediatelj-, there was diffuse soiling but 
only a moderate amount of fluid. On the anterior surface of the duodenum, just 
distal to the pylorus, there was a small perforation in the center of a wide area 
of induration. Tlie duodenum appeared to be fixed posteriorlj- and there seemed 
to bo palpable evidence of an ulcer on the posterior wall. In view of tlie two- 
3 ’ear ulcer history, the athletic constitution of a man of 26 veins, and a perforation 
of onp’ two hours’ duration, resection was performed as the procedure of choice. 
An anterior Polya tj'pe of operation was done; S Gin. of sulfanilamide ciystals 
were placed in the abdomen and abdominal wail and a cigarette drain inserted to 
the peritoneum. 

Convalescence was uneventful and the patient left the hospital twelve days after 
the operation. 

CONCLUSIONS 

1. From available statistical data it appears that subtotal gastric 
resection can he performed in the pre.sence of diffuse soiling of the 
peritoneal cavity within twelve hours after the perforation of ulcerating 
lesions of the stomach, duodemini, and jejunum in good risk case.s with 
a lower mortality' than that obtained by* sim))lo clo.sure with .sutures. 
With few c.xceptions. resection results in jyermanent cure in contrast 
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to the high incidence of recurrent ulceration following simple closure 
of the perforations. This advantage is a .iustifiable consideration in 
the choice of operation hy surgeons skilled in radical gastric surgery. 

2. However, simple closure of perfoi'ations with sutures can he per- 
formed satisfactorily by surgeons with eom])ai'atively little experience, 
and subsequent radical thei-apy can be carried out under more favor- 
able circumstances in the group of patients who develop recurrent 
ulcers with complications neces.sitating operation. For these reasons 
the immediate interests of most will be best, served by simple closure. 

3. There are, however, a few cases in which emergency ]5rimary re- 
section is the operation of choice or has advantages that make it almost 
imperative. In the latter group are: (a) perforated resectable car- 
cinomas of the stomach, (b) perforated peptic ulcers Avith simultaneous 
hemoi’rhage, and (c) perforated peptic ulcers Avith fixed pyloric ob- 
struction. (Gastroentcrostom.A' is an inferior alternatwc.) 

In the other groiip the choice betAveen simple closure and resection 
is debatable but resection is a ixistifiable pi'eferenee in experienced hands 
because it otfei’s much more a.ssurance of permanent cure. Constituting 
this group are; (a) perforated peptic ulcers Avith insignificant or only 
local soiling (local soiling occurs in all elective resections except tliose 
performed by the so-called closed aseptic technique), (b) recurrent 
perforations, and (c) very early perforations in the very young patients 
Avho are othenvise in excellent health. In tliis group the incidence of 
recurrence is very high, the risk from resection very small, and the 
need for a permanent cure and good health very important. 
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SURVIVAL AFTER GASTRIC RESECTION IN CARCINOMA 

OP THE STOJilACH 


W. Castleberry Custer, jM.D., Oakeaxd, Caetf. 

(From ihr llitjhland-Alamcrln County Hospital) 

T his paper is presenicd as a review of tlie cases of carcinoma of 
the stomach in wliieli llie patients iiavc boon operated upon at 
the Higldand-Alameda County Hospital. It is not the intention to 
study hero all the patients with possible malif^nancies who have been 
admitted, treated or untreated, carcinoma diagnosed or suspected, only 
to look ill retro-speet at those patients who were considered operable 
after the abdomen was opened, had a pathologic diagno.sis of the lesion, 
and have been duly followed through their succeeding years. Only by 
taking as a control group, ca.ses so completed, can accurate and depend- 
able information be given as to the results obtained at this ho.spital 
over this period of study. 

In studying past cases of this tn^e there could he an endless numher 
of factors considered which, rightly, are weighed before the surgeon, 
takes the patient to the operating room. And each of these factors, 
howsoever seemingly insignificant, could well have a major bearing on 
the cure or eonvalcscenee, but should each factor be discussed indi- 
vidually this would be an endless paper. So it has been assumed that 
if these patients have gone through major surgery, convalesced, and 
been closely watched over a period of years that such factors as their 
degree of anemia, Aveight loss, location of le.sion, achlorhydria, and size 
as shomi by film Avill not bear the significance to the patients in measui-- 
ing the results obtained as the one which is to he taken into considera- 
tion — ^that of their longevity or survival rate. 

Prom 3930 to 1944, an interval of fourteen years, exploratory lapa- 
rotomies, contemplating palliative or curative procedures Avei’e perfonned 
on 463 i^atients with carcinoma of the stomach. From this total, there 
were 141 considered operable after the abdomen Avas opened. The 
folloAV-up clinic Avas able to cany through Avith a total of 96 cases, 
each having preoperative clinical and laboratoiy diagnosis of gastric 
malignancy, each confinned by a pathologic diagnosis of the lesion re- 
moved, and each having autopsy at the time of death. 

In studying this controll group of 96 on a folloAV-iip basis, they have 
been divided into : (1) OperatiAm deaths, (2) postoperative complica- 

tions, (3) death /under three years, (4) death under five years, (5) 
death under eigl# years, and (6) suiwiA'al over eight years. 

There Avere tA\jo patients aaIio died during surgery; one death Avas 
attributed to hemorrhage and one aa'rs an anesthetic death, making 
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mortality during operation, 2.03 per cent. 0£ tlie fatal postoperative 
complications, three wore latent hcinorrliages, one snhdiaphragmatie 
abscess, two generalized peritonitis, three postoperative pneumonias, 
or a total of nine, making 9.37 per cent mortality. Combining these 
two there was an operative risk of 11.39 per cent. 

Of the 23 patients ivho did not survive over tlii'ee years, not including 
the operative deaths, all had an extension of the lesion with metastasis. 
This gTOup comprises 23.95 per cent of the original, which when added 
to those succumbing to surgery makes 35.34 per cent who failed to live 
over tlu’ee yeai's. For a little divergence and as a matter of compari- 
son, it is interesting to note here that there were 28 patients seen in the 
hospital on wliom a clinical and laboratoiy diagnosis of operable malig- 
nancy of the stomach had been made and who later came to autopsy at 
this institution. Of these patients, 100 per cent failed to live over 
three years. All 28 had refused surgery. 

Still carrying this further, 36 patients, or 37.59 per cent, died in the 
three- to five-year interval, two from accidents, one from coronaiy dis- 
ease, and one from cerebral accident. Tliese five had no evidence of 
recurrence of their original lesion. 

If the criteria of cure are to be based on a five-year curve, then there 
were 26 patients or 27.06 per cent, who survived. These resections 
appeared excellent, but 8 of these patients did not live over the eight- 
year period, 6 expiring from the recurrence of their original lesion and 
2 from other pathologic conditions. 

The next group narrows considerably. In this, there are a total of 
IS patients who were alive and well for over eight years and symptom- 
free as far as their previous condition ivas concerned, a survival rate 
of 18.75 per cent over eight years. How do these results compare with 
those reported elsewhere? In 1942, the Mayo Clinic published an ex- 
tensive study of carcinomas and other malignant lesions of the stomach, 
a series of 1,968 patients. In this publication, they reported a 28.9 
per cent survival over five yeai-s, and 20.4 per cent over ten years, as 
against 27.06 per cent and 18.75 per cent for this institution. 

To summarize, over an inteiwal of fourteen years at this liospital, 
there were 141 patients until an established diagnosis of carcinoma of 
the stomach on whom gastric resection was performed. After five 
years, 27.06 per cent were alive, and 18.75 per cent had a survival rate 
over eight years. In contrast, there was a group of 28 in whom the 
diagnosis of gastric cancer had been established. Tliis grouii of patients 
refused surgery and the mortality at the end of three j-ears was 100 
per cent. 



THE CREATION OP A GASTRIC POUCH FOLLOWING 
TOTAL GASTRECTO:My 

Giisox Colby Exgel, Phii^abelpiiia, Pa. 

T here are stlll many iirobleius confronting ns in total gastrectomy, 
not only in the operative proeednre but in tlie postoperative care 
as veil. A problem which has attracted onr attention recently perhaps 
has concerned others dealing with this type of surgerj'. That is, the 
inability of some patients following total gastrectomj' and with an 
esophagojejunostomy to handle even small feedings without a feeling 
of fullness and discomfort. This can be a distressing symptom to the 
patient and of great concern to the surgeon since it presents a real 
problem as far as nutrient food intalce is concerned. 

Jordan,^ of the Lahey Clinic, has reported a case of a woman who, 
after total gastrectomy and esophago.iejunostom3', vomited and com- 
plained of substernal pain. This proved to be due to contracture of 
the anastomosis. These sj-mptoms were relieved after dilatation of the 
anastomosis. I am not discussing the distress due to this complication 
but that due to the lack of phy.sical space in the .jejunum to handle a 
moderate-sized meal. 

I would like to report here a case of similar symptoms, but one not 
due to stenosis or spasm of the esophagojejimal anastomosis. The 
s3nnptoms were relieved by a secondary operation creating a pouch 
out of the afferent and efferent loops of jejunum. 

CASE REPORT 

A oT-year-old man was operated upon ilay 14, 1944, and a large peptic ulcer 
was found on the lesser curvature of the stomach involving the lower 1.3 cm. of 
the esophagus (Fig. 1). Because of the induration of the rest of the stomach 
and an associated gastritis it was decided that a total gastrectomy was the only 
answer to the problem. 

A total gastrectomy was done by first ligating the right and left gastric 
arteries and freeing them from the lesser curvature. The right and left gastric 
epiploic vessels were then ligated and their branches freed with the gastrocolic 
omentum from the greater curvature. The pylorus and duodenum were then 
mobilized. At this point the first poition of the duodenum was transected be- 
tween clamps (Fig. 2). The distal stoma of the duodenum was closed with con- 
tinuous chromic catgut Ko. 0 suture. This stump was then inverted with a linen 
purse-string suture, after which a row of interrupted sutures of linen were placed 
as seroserosal sutures. The closure of the duodenal stump is of paramount impor- 
tance and cannot be stressed with too much emphasis (Fig. 3). 

Received for publication. Dec. 11. 1914. 
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Fig 3C — nuiMns of stump uith pui <!e-stnng- sutuio 

Fig 31) — Puise-'itiing sutuic tied tightlj, bui\lng stump 
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Fig 3L — Interrupted linen 'ero^erooil sutures aie bring pieced 
Pig 3F — Completion of stump closuic 
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The reflection of the diajihraginafic peritoneum wa^i then freed iihcie it oierhes 
the esophagus Maj' I point out Iiere that the fieeing of this peiitoiio.il reflection 
aliened excellent mobili/.ition of the csopliagus. The aiiastoniosib of tlie esophagus 
to the jejunum nas done after the method of Lnhoj,^ nith a long jejunal loop 
brought up anterior to the transiersc colon It uas felt ni«e hero to amputale the 
great omentum to pieient diag on the afieiciit icpiii il loop 



Fig 4 — The posterior sutuie line of the esophagus to the jejunum is in place mth 

stomach retracted upward 


In doing the anastomosis, it simplified the pioceduie to use the stomach to 
drag the esophagus downward and forward. A line of sutures was placed at the 
posterior suture line attaching the jejunum to the posterior aspect of the 
esophagus (Pig. 4). Aftei this row of sutures were placed, the posterior avail of 
the esophagus just distal to the suture line was incised as was the jejunum. A 
second suture line (continuous No 0 chromic catgut) was placed through the 
posterior lajer of jejunum and the posterior wall of the esophagus (Pig- 5). 
After this the stomach and poition of the esophagus were removed by cutting 
through the anterior wall of the esophagus The continuous suture wms carried 
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anteriorly to close the anterior wall of the je.iunal opening to the anterior wall 
of the esophagus. Following this a secoiul row of sutuies w.is used to reinforce 
this line. Four interrupted sutures were placed at eriual points around the 
anastorrrosis, through the rrruscular wall of the esophagus to the serosa of the 
jejunum for reinforcitrg the anastorrrosis arrd tnkirtg the drag off the anastorrrotic 
lino (Figs. 6 and 7). Still another row of sutures was placed from the serosa 
of the jejunum to the diaphragmatic rcflectioir of the jioritoneunr which was 
originally freed. A .lirtto tube was passed down the esophagus aitd iirto the 
efFcrent loop of jejunurrr for a distance of about S cm. This was to be used for 
postojrerative feeding. The abdomen was then closed in layer's without drainage. 



( 1 ^ ' 
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Kig. 9 . — The beginning of the suture through the six layers of the two loops of 
jejunum forming the posterior wall of the poucli. 


The feedings were carried on at HO Gtt. per minute. These feedings alternated 
»>00 c.c. of Karo syrup in water and 500 c.c. of predigested beef.* In twenty- 
four hours 1,000 c.c. of each mixture was gi\en. This totaled 3,770 calories. 
Liquids were started by mouth and tlio feeding tube removed on the sixth day. 

•Select one-hi\lf pound of beef. Remove eveiything that is not clear meat. Chop 
nne. Put in pint fruit jar and add one cup of cold water and five drop'j of dilute 
hydrochloric acid. Stir and sot in lefrjgerator ot any cool place to dige-^t foi tuo 
hours. Strain, .‘sen'^on, and seive in drip bottle. 
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Soft diet was started on the se\euteenth postopeiative day on a six-feeding ba^-is. 
The patient complained of fullness and dislrcss after eating. A barium x-ra\ 
picture was made which shoned tlie anaslomosib to bo normal si/cd and func- 
tioning. The complaint and symptoms ol disfiC'-s continued, and on tlio twont 3 '- 
eighth postopeiatii e day it iias decided to rooporatc and maho a poiicli out of 
the afferent and offeient loops of .iejumim. 




Fig: 10 — The start of the closure of the anterior i\aU of tlie poucli hi a Lunbeit 
suture The original seioseiosal sutuie is seen in the loi.er portion 

I reoperated upon the patient thioiigh the same upper light lectus incision. 
The peiitoiieuni nas opened and the anastomosis tins examined. It tv as found to 
be patulous and one finger in diameter. The atleient and efferent loops of 
jejunum were brought next to eacli other. Beginning at the upper angle formed 
by these two loops, a seroserosal suture was started about 1.5 cm. from the mesen- 
teric attachment. This suture was carried dotvn, suturing the afferent and effer- 
ent loops togethei for a distance of 8 cm. (Pig. 8). An incision was then made 
through all three layers of the afferent loop near the seroseiosal suture line. 
This incision was carried upward on the afferent loop to the angle of the jejunum 
near the anastomosis, across this angle and down the efferent loop to the lowei 
end of the seroserosal suture (Pig. 9). The medial walls of the afferent and 
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cffeieut loops of jejunum ^^cre llien sutined togother, starting at tlic upper angle 
^^ltl^ a continuous chromic ISTo. 0 catgut. This suture completed the posterior T\all 
of the jioucli. 'When the lonei angle of the incision uas loached the sutuie rvas 
continued as a Lonibeil suture, bringing togethei the luteial wall of the incision 
in the atferent looji to the laleial 11.111 of the incision in the etfeient loop (Fig. 
10). When this sutuie ii.is completed (he oiiginal seroseiosal suture iias eon- 
timicd up the antouoi i\all oierljing the Lembert suture line and completing the 
closuie of the anteiioi nail of the iioueh (Pig. 11). The abdomen was then 
closed in layers. 


X 



Pis 11 — The completion of the seroseiosal sutuie up the anteiior i\alt of the two 
anastomosed loops of jejunum, completing the foimation of the pouch 

The postopeialii 0 cotiisc of the patient uas unetentful. Tube feedings were 
started through a Jutto tube ninth had been passed doiin the esophagus, through 
the pouch, and doi\ n the efferent loop of jejunum Mouth feedings of liquids 
were started on the thud postopeialiie du, uhen the feeding tube lias remoied. 
Soft diet was started on (he eighth postopeiatii e day and light diet on the 
fourteenth day. The patient did iicll and had no complaints. X-r.iy on the 
soieuteenth daj after the pouch iias made showed it to be working fine. The 
patient nas discharged the folloiiing day (Fig. 12). 
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A fractional tost meal of the poiioli oontoiils sliowotl no free liydroohloric acid. 
The total acidity was 22-;24. Semin iirotoiii varied from 5.75 to 0.20 jier cent. 

Six months after operation the patient’s hemof;lol)in was 01 jier cent, red blood 
cells 5,220,000, serum protein 0.12, and blood chlorides 444 ni};. per cent. A frac- 
tional test meal showed no free hydrochloric acid, no free lactic acid, and a total 
acidity of 2.5. The patient '.s only com])laint was a restricted diet. Ho had 
gained fifteen pounds since operation and was on a full diet of three meals per 
day. Complete mastication of food was stressed as the most imiiortant thing to 
future Iteahli. At tiutt firne he was worfcing in a war pianf (ioing a full forty- 
eight hour a week job. 



Fig. 12. — X-iay of patient before fli.scharge. .showing pouch filled with barium. 

I have since operated upon a 66-ycar-old woman for carcinoma of 
the fundus of the .stomach. In this ease I did a total gastrectomy after 
the Lahey method and at tlie same time made a poncli of the afferent 
and efferent loops, all at one .stage. This patient made an excellent 
recovery and never had a coiupliiint of distress or fullness on eating. 

The technique for this pouch operation was somewdiat similar in 
manner to the Finney^ gastrodnodenostomy except that instead of 
n.sing stomach and duodenum the anastomosis was made between the 
two loops of jejunum. 

Another great aid in gastric siirgery is the recommendation by 
Allen and Donaldson* of the use of jejunostomy for decompression and 
feeding. In the total gastrectomized patient the use of Allen’s method 
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of jcjunostomy foi' feeding is ideal. In the subtotal gastrectomized 
patient both the decompression tube and tlie feeding tube are of tre- 
mendous importance to the safetj' and tlie comfort of tlie patient. 

It seems that in some eases, at least, the creatiozi of a gastric pouch 
is of definite benefit to the total gastrectomized patient. The pouch 
may be ci’eated by using the afferent and efferent loops of jejunum 
with very little difficulty, and znay be done as a second stage procedure 
or at the original resection. 
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Description op a Simplipicd Technique for Nuperoaine 

D. A. Roman- Vega, M.D., and John xVdriani, U.D., New Orlp.ans. La. 
(From the Department of Anesthesia, Charity Hospital of J^oiiisiana) 

S INCE the introduction of subarachnoid block by Bier in 1898, there 
ha.s been a ceaseless search for a technique which would provide 
prolonged as well as controllable ane.slhesia. Prolonged spinal anes- 
thesia may be obtained in one of tivo ways: (1) by tlie continuous or 
serial technique ; (2) l)y a single intrathecal injection of a long-acting 
local anesthetic drug. The most recent advancement in the direction 
of prolonged anestliesia has been the introduction of the “continuous 
spinal” technique by Lemmon.^ Although the continuous technique 
has been widely publicized and acclaimed, it is far from ideal. The 
thick cumbersome mattress, the frequent dislodgmcnt of the indwell- 
ing needle, the difficulty and uncertainty of establishing anesthesia in 
the desired segment, and the po.ssibility of injury to the intraspinal 
structures by either the needle or repeated doses of the drug are ob- 
jectionable features. Besides, its induction is time consuming. The 
modified technique suggested by Tuohy,® employing the indwelling 
catheter, eliminates the mattress and failures due to dislodgmcnt of 
the needle, but increases possibility of fistulas, infection, and leakage 
of spinal fluid. 

Although many drugs liaA'e been employed for spinal anesthesia, few 
yield prolonged action by the single injection method. Pontocaine and 
nupercaine are the two currently available agents most useful hi this 
respect. Pontocaine has enjoyed iiopularity since Sise® adAmcated its 
administration with glucose. The addition of glucose to solutions of 
local anesthetic drugs causes them to be hjqperbaric or heavier than 
spinal fluid. The effects of gravity may then be utilized to extend 
anesthesia to the desired spinal segment by tilting the patient during 
the induction period. Exact localization of the drug is possible be- 
cause cephalad difliusion of the pontocaine in the spinal canal appears 
to be minimized by the glucose. AVhen employed by capable individ- 
uals in suitable subjects, the pontocaine-glucose. technique yields ex- 
cellent results and is entirely satisfactory. Although pontocaine is 
satisfactoiy for most operations, nupercaine is preferred Avhen tlie 
procedure is to last more than Dvo hours. 

The various methods advocated for the administration of nupercaine 
are not as simple as the technique described by Sise for pontocaine. 
The method described by Jones* is the most popular at the present 
time. In this technique, a relathmly large volume of a hypobaric solu- 
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tion is introduced into the subai’achnoid .space. Duriiif? the induction 
period, it is nece.ssary to turn the subject face downward and tilt the 
table so that the head remains dependent for approximately ten min- 
utes. The prone position insures a caudad, I’ather than eephalad, move- 
ment of the solution. It also allows the posterior root filaments to 
come into contact with the solution so that satisfactory sensory anes- 
thesia is secured. The results obtained by Jones’ technique ai’e fre- 
quently disappointing because diffusion of the nupercaine is an un- 
controllable factor. Satisfactory localization of the drug at the de- 
sired segment is secured Avith difficulty because there is no logical 
basis for determining the A'olume of solution required. SeA'^ere circu- 
latory disturbances often folloAA" the .shift from the prone to the supine 
250sition after anesthesia, is established. Besides, the induction is time 
consuming. The technique described by Wilson'^ also requires the use 
of a eomparatiA’^ely large A'olume of dilute solution. The .subject re- 
mains in the upright lAosture during the injection so that upAA’ard dif- 
fusion is assured. This technique is characterized by lack of controll- 
ability and is fraught Avith considerable danger. 

There is no reason Avhj" nupercaine cannot be substituted for ponto- 
caine in the glucose technique. Pontoeaine and nupercaine are used 
in approximately the same quantities as far as Aveight is concerned. 
Besides, both drugs behaA’^e similarly as far as solubility, stability, and 
pH of aqueous solution are concerned. The prolonged action of nupei’- 
caine could thus be secured wnth the precision and simplicity alloAved 
by the pontoeaine-giucose technique. 

The use of hyperbai-ic solutions of nupercaine has been described 
in pi-evious reports. Silverton® employed a solution of % per cent 
nupercaine in 6 per cent glucose. He relied principally upon barbotage 
to force the drug to the desired segment. Sankej'^ and Whitacre’’ add 
glucose to the solution described by Jones. The height of anesthesia 
is controlled largely by the displacement afforded by the large Amlume 
of fluid, rather than by the effects of graA'ity. 

The technique Ave haA’'e deA^eloped is simpler than any preAUOusly 
described for nupercaine. Furthermore, it is rapidly executed and is 
reasonably controllable. The results are little influenced by Avide Amri- 
ations in such inti-insic factors as length and diameter of the cord, size 
of subarachnoid space, or body AA’-eight. There are six extrinsic factors 
Avhich may affect the extent and intensity of spinal anesthesia. These 
are Amlume of solution injected, specific graAuty of solution, rate of 
injection, dose of drug, site of injection, and position of the patient 
after injection of drug. The fcAA-er the variations, the simpler the 
technique. In this technique all factons are fixed Asn'th the exception 
of position of the patient. Tlie patient is tilted immediately after the 
injection and progress of anesthesia is folloAved from moment to mo- 
ment until it is at the desired segment, at Avhich time eephalad ascent 
may be terminated by leveling the table. If one desires, the drug may 
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be confined to the lowest spinal segments and anesthesia so localized 
that it immlves the perineum only and not the legs. On the other 
hand, anesthesia may be established at the cervical segments if one 
so desires. 

Nnpercaine (also knomi as percaine) differs in a number of respects 
from procaine, pontocaine, and related ane.sthetie drugs. The major- 
ity of local anesthetic drugs are esters of complex alcohols. Nuper- 
caine is a substituted amide derived from quinoline and is not an e.ster. 
The impression that nnpercaine is derived from quinine is not correct. 
Quinine is a cupreine. Cupreines are complex structures which con- 
tain not only a quinoline nucleons but also other groups and radicals 
as well. Nnpercaine is a weak base which forms salts w'hen neutralized 
by mineral acids. The base is easily precipitated from aqixeous solu- 
tions of its salts by alkalies and basic salts. 

TECHNIQUE 

The preparation emploj'ed for tliis technique consists of V 2 per cent 
nupercaine hydrochloride dissolved in a phosfate buffer and saline 
solution. Bach cubic centimeter contains 5 mg. of the drug. The vol- 
ume of solution containing the estimated dose of nupercaine is thor- 
oughly mixed with an equal volume of 10 per cent glucose in physi- 
ologic saline or distilled water. The resulting volume of solution, even 
when the maximum dose is employed, is relatively small. Variations 
in volume due to variations in dosage used are relatively insignificant. 
The mixture is injected into the subarachnoid space through a 20 or 22 
gauge needle as rapidly as gentle pressure on the plunger permits 
without barbotage. Although the lateral prone position is preferred 
in performing the block, the upright sitting posture may be employed 
if one so desires. The spinal punctui'e is performed at the level of the 
third lumbar interspace for anesthesia above the costal margin and 
at the level of the fourth lumbar interspace when less extensive anes- 
thesia is required. Immediately following the injection, the patient 
is placed on his back and the operating table is tilted in a Trendelen- 
burg position. The angle varies ivith the height of the anesthesia 
desired. The head is flexed as sharply as possible upon the thorax by 
supporting it upon a pillow which has been doubled upon itself (Pig. 
1). Unless this precaution is rigidly observed, the mixture may ascend 
into the ceindcal region and cause respiratorj'^ failure by affecting the 
phrenic nerves. Generally, within fifteen to twenty seconds the sub- 
ject notes a feeling of numbness in the lower extremities. In contrast 
to the behavior of the shorter-acting drugs such as procaine, metycaine, 
monocaine, and others Avhich seem to act almost immediately, the onset 
of anesthesia is delayed when nupercaine or pontocaine is employed. 
Occasionally, ten minutes or more may be required for establishment 
of complete anesthesia by nupercaine introduced intrathecally. How- 
ever, hypalgesia, Avhich ahvajm precedes anesthesia, ensues immedi- 
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ately. Consequently, when performing the sensory examination to 
establish the level of anesthesia, one does not seek the areas of com- 
plete insensibility, but instead those of hypalgesia or diminished sen- 
sation. An area of complete anesthesia will be revealed over the an- 
terior surface of the thighs within approximately one minute after 
completion of the injection. One should always test sensation gently 
with a sharp instrument. As the examining instrument is advanced 
cephalad, an area of ]iypalge.sia is encountered which appears to di- 
minish in intensity and merges into a totally unanestlietized area over 
the upper part of the body. The line of demarcation between the 
hypalgesic and unanesthetized area is reasonably sharp and well de- 
fined. When the line of demarcation lies in the dermatome in which 
anesthesia is desired, the ascent of the drug is terminated by promptly 



Eig-. 1. — Method of acutely flexing the head to prevent movement of the drug into 
the cervical portion of the spinal canal. 

readjusting the operating table to the horizontal position. The hj^- 
palgesie areas in due time become completely anesthetic. There ap- 
pears to be little or no tendency for anesthesia to creep beyond a 
given level once it is established at that level. Under no circumstances 
does one rely upon the line of demarcation between the zone of com- 
plete anesthesia and the zone of hypalgesia for establishing the level. 
If one relies upon anesthesia rather tlian hypalgesia in the sensory ex- 
amination, anesthesia maj' extend far above the desired spinal segment. 

The time the patient remains in the inclined position varies for each 
individual case. As few as thirty seconds or as many as three minutes 
may be required for the drug to reach the desired segments. So many 
A'ariable factors modify the cephalad progress of the drug that no fixed 
time intei'val can be stated. The degree of inclination of the operating 
table likewise cannot be standardized, but must be adjusted to suit 
the needs of each individual patient. For upper abdominal surgery 
the lower seven thoracic segments must be anesthetized. To secure 
this extent of anesthesia, tlie inclination -must be steep — approximately 
tM'enty degrees. One should be prepared to brace the shoulders imme- 
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cliately after the solution is injected. If the operating table is inclined 
at an angle of less than twenty degrees, the drug may not reach the 
thoracic spinal roots and unsatisfactory anesthesia results. For the 
sake of safety, the progress of the drug in the cephalad direction 
should be followed by almost continuous sensory examinations as long 
as the patient is in the inclined position. The operating table should 
be restored to the horizontal position immediately if the drug appears 
to advance rapidly or if anestliesia advances beyond the desired sen- 
soi’y segments. If the di-ug appears to involve the upper thoracic or 
lower cervical segments, the operating table should be restored to the 
horizontal or placed in the reversed Trendelenburg position at an angle 
of 5 to 10 degrees. The reversed Trendelenburg position not only 
terminates the upward advance of the drug, but favors a caudad re- 
gression of the solution. For best results, it is imperative that there 
be as little delay as possible in inclining the table when the intrathecal 
injection is completed. Failure to obtain satisfactory anesthesia for 
upper abdominal surgery is frequently due to delays in inclining the 
table promptly. The operating table need not be as steeply inclined 
when anesthesia below the costal margin is sought. An angle of 10 to 
15 degrees is usually sufficient. To obtain “low” spinal anesthesia, 
that is, anesthesia of the perineimi or extremities, the operating table 
should be tilted immediately to the Trendelenburg position at an angle 
of approximately 10 degrees for five to ten seconds. It is then re- 
turned to the horizontal position if anesthesia over the hypogastric 
area is desired and placed in the dependent position at an angle of 5 
degrees if anesthesia is to be confined to the extremities. Failure to 
tilt the table to the Trendelenburg position immediately after the 
injection is completed may result in uneven or “spotty” anesthesia 
and incomplete muscular relaxation. It is obvious that this technique 
cannot be successfully employed if a table which is easily tilted is not 
available. 

It is a well-established pharmacologic fact that the sensory fibers of 
a mixed nerve are the first to be affected by a local anesthetic drug, 
the autonomic fibers next, and the motor fibers last. For several min- 
utes after establishment of sensory anesthesia by this technique, motor 
power remains unchanged or is mildly depressed. Motor paralysis is 
rarely completely established in less than five minutes. The degree 
of motor paralysis varies in the different spinal segments, depending 
upon the concentration of drug in each segment. In the thoracic re- 
gion where the concentration of drug is obviously less than at the site 
of puncture, more sensory fibers are involved than motor. Muscle re- 
laxation, therefore, is incomplete or absent. At the site of injection 
and throughout the lumbar region, the concentration of drug is greater 
and all types of nerve components are affected. Anesthesia, therefore, 
is complete. The concentration of drug in the upper spinal segmeiits 
may be increased by increasing the total amount of drug injected. 
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Jlotor anesthesia becomes mOTo extensive. TJ' is obvious, tiien, tiiat 
muscle relaxation is controlled by A'avying the quantity ol! drug. The 
dosage, therefore, depends upon intensity and extent of anesthesia 
desired. For upper abdominal snrgeiy, 32 to 35 mg. of nupereaine 
yield satisfactory sensorj^ and motor anesthesia. For anesthesia below 
the costal margin, 7 to 10 mg. are ample; for surgery of the extrem- 
ities, 2yo to 5 mg. are sufficient. In the upper age groups, the lower 
limits of dose ranges should be employed. Formulas such as milli- 
grams per pound of body weight, milligrams per centimeters of length 
of the vertebral column and the like have proved to be no guide to the 
amount of drug required. The intrinsic factors, such as length and 
diameter of the cord, and volume of the spinal subarachnoid space, 
are so variable that in using a drug which is potent and which is used 
in relativels" small quantities, these rules of dosages are valueless. 

The time-honored custom of mixing the drug with cerebrospinal 
fluid was dispensed with in this technique for two reasons ; (1) Spinal 
fluid, which has a pH of 7.4, is sufficiently alkaline to cause a precipi- 
tation of nupereaine base from aqueous solutions of the hydrochloride. 
Unsatisfactory anesthesia results if one employs a solution in which 
flocculation has appeared. Laboratory studies suggest that glucose 
prevents precipitation of the free base when solutions of salts of local 
anesthetic drugs are injected into the snbaraclmoid space.® (2) The 
solution may be prepared in advance of the lumbar puncture and in- 
jected immediately upon completion of the puncture. Failures due to 
dislodgment of the needle or shifting of the patient's position while 
solutions are being prepared are thus averted. 

Ten to fifteen minutes should be allowed to elapse after injection of 
the solution before changes in posture are attempted. Trendelenburg, 
prone, lithotomy, and other positions necessary for completing the 
operation may then be employed with safety. After ten minutes have 
elapsed, the glucose diffuses throughout The spinal fluid and no longer 
causes the drug to shift about in the subaradlinoid space. 

results 

Anesthesia induced by this technique was employed for 800 consecu- 
tive surgical procedures of all tyjies. In. 9.5 per cent of the cases, 
anesthesia extended to or bejmnd the fifth thoracic segment ; in 59 per 
cent of the cases, it was established between tlie twelfth and ninth 
thoracic segment; and in the remainder of the cases, it was confined 
exclusively to the lumbar and sacral segments. Satisfactory anestliesia 
Avas obtained in all but ten subjects. In these, failure Avas due to un- 
satisfactory lumbar puncture. In thirteen subjects undergoing abdom- 
inal surgery, sensory anesthesia AA-as satisfactory, but motor anesthesia 
of the loAver extremities Avas incomplete. TJie abdominal muscles, 
liowevcr, Avere Avell relaxed and there Avas no interference Avith tlie 
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progress of fhe operation. It is felt lliat this incomplete motor paral- 
ysis was due to a delay in tilting the operating table following the 
induction of the solution. 

Duration of anesthesia ranged from two to three hours in 0.8 per 
cent of the cases, three to four in 98 per cent, four to six in 1.2 per 
cent of the cases. The average dui-ation of anesthe.sia was three and 
one-half hours. 

Although it is difficult to make comparisons, the general impression 
gained was that hypotension was no more severe or more prevaleiit 
mth nupercaine than in spinal anesthesia with other drugs. It a])- 
peared, as one would expect, more frequently in “high” spinal than 
in “low” spinal anesthesias. In most instances, it appeared immedi- 
ately following or shortly after induction of anesthesia. Vasopressor 
drugs such as ephedrine, neosjmephrin, or enethyl were effective res- 
toratives in every instance in whiclx it occurred. Nausea, vomiting, 
and retching were observed in approximately 1 per cent of the cases. 
In each instance these reactions Avere observed during upper abdom- 
inal explorations, and appeared to be due to traction uixon the vieera. 
Restlessness, AA-hich appears in the majority of subjects undergoing 
prolonged operations under spmal anesthesia, Avas controlled by the 
use of sedatives. A combination of morphine sulfate gr. % to %, and 
scopolamine gr. % 5 o to %oo (a of 25 parts morphine to 1 part sco- 
polamine), intravenously, Avas found to be particularly xiseful for this 
purpose. 

The technique was employed for anesthesia for abdominoperineal 
resection in seven subjects. This is noteAVorthy because the hypobaric 
solution of nupercaine has not proAmd satisfactory for this type of 
operation. The abdominal anesthesia is satisfactory, but the sacral 
and loAver lumbar segments frequently are not completely anesthetized. 
This discrepancy has not been adequately explained. To insure satis- 
factory anesthesia in the perineal ai-ea, the injection may be made 
AAffiile the patient is in the uixright sitting position. The patient is 
then tilted and managed as prcAiously described. 

DISCUSSION 

In detei’inining the Amine of a local anesthetic drug for spinal anes- 
thesia, one must base its merits upon potency, systemic toxicity, and 
local toxicity. Objections are frequently raised to nupercaine for 
spinal anesthesia on the grounds that it is more toxic than many of 
the currently employed local anesthetic drugs. Nupercaine is both 
more toxic and more potent than procaine and similar agents. Too 
often toxicity is confused Avith potency. The comparative systemic 
toxicity of local anesthetic drugs for man is difficult to estimate. 
Studies in animals indicate that nupercaine is approximately eight to 
ten times more toxic than procaine.® On the other hand, it is twelve 
to fifteen times more potent than procaine. One must bear in mind 



ROMAN-VEGA AND ADRIANI: PROIX)NGED SPINAL ANESTHESIA 531 

tliat potency and toxicity do not neeessavily parallel each other. One 
milligram is theoretically equivalent in action to approximately 15 mg, 
of procaine. The amount of nupercaine required for the same degree 
of anesthesia yielded by procaine is considerably less. Therefore, 
though nupercaine possesses a greater absolute toxicity, its relative 
toxicity approximates that of procaine. 

The more potent one drug is, compared to another, the greater the 
intensity of anesthesia it will cause rvhen used in equivalent amounts. 
Therefore, the intensity of anesthesia may be controlled by varying 
the dose, regardless of the agent employed. The severity of the physi- 
ologic disturbances which accompany spinal anesthesia depends upon 
the intensitj'^ of anesthesia. The greater the number of dermatomes 
atfeeted by the drug and the greater the number of sensory, motor, 
and autonomic components which are involved in a spinal segment, 
the more intense will be the anesthesia. Physiologic disturbances ap- 
pear during spinal block, regardless of the drug employed, if the 
amount injected is sufficient to produce extensive anesthesia. The 
most distressing physiologic disturbance accompanying spinal anes- 
thesia is hypotension. Although there is no agreement regarding the 
mechanism causing it, it is probably the result of a combination of 
factors, all of which are dependent upon the extent of the resulting 
paralysis. The relaxation of the muscles of the extremities, the paral- 
ysis of the abdominal muscles, the diminution of ventilation from 
paresis of the intercostal muscles, and the paralysis of the sympathetic 
nervous S3’'stem, all contribute to the peripheral circulatory failure and 
cause pooling of the blood in the venules and capillaries. Relatively 
small amounts of nupercaine, by yielding extensive anesthesia, may 
cause marlved physiologic disturbances, particularly when the anes- 
thesia affects many spinal segments. Hj'^potension is a manifestation 
of potency rather than toxicity. A toxic reaction is due to a high 
concentration of drug in the blood. Such reactions may be due to 
accidental intravascular injections or rapid absorption of the drug 
into the blood stream. Excitement, nausea, vomiting, convulsions, and 
ulthnatelj" respiratoiy and circulatory failure are the usual symptoms 
of toxicity. Local anesthetic drugs cause, at first, a marked stimula- 
tion of the central nervous system. If the overdosage is massive, de- 
pression and paralysis quickly follow. Toxic reactions are not bene- 
fited by vasopressor substances, oxygen, and other supportive measures 
so useful for the relief of hypotension. Portunateljq toxic reactions 
are rare in spinal anesthesia. 

Considerable disagreement exists concerning the revei'sil)ility or “local 
toxicity” of various local anesthetic drugs administered intratheeally. 
Neurologic complications ascribable to changes produced in the intra- 
spinal elements by the local action of the drug have been reported 
following the use of most of the currently emploj-ed local anesthetic 
drugs. It is almost impossible to draw anj^ conclusion regarding the 
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relative merits of one agent over another from the isolated case re- 
ports which appear in the literature. Systematic studies of this prob- 
lem have not been attempted and ai’c few because of the difficulty in 
studying the spinal cord in routine aihopsies. A considerable amount 
of data of an experimental natime exists, however. Recently Co Tui 
and his co-workers, in comparing the effects of procaine, nupercaine, 
and monocaine in cats and rabbits, found that slight transitory changes 
occur in the cords of these animals when therapeutically equivalent 
doses of drugs are employed. The quantity of nupercaine required 
to produce the same anesthetic effect as the pharmacologic equivalent 
of procaine produced the same degree of histologic change as procaine. 
The changes lasted for the same period of time with each drug. How- 
ever, when the minimum lethal dose was employed, the changes pro- 
duced by nupercaine were more intense and not reversible. On this 
basis, one would assume that the local toxicity of nupercaine is no 
greater than a therapeutic equivalent of procaine. No instance of a 
neurologic complication was ol)served in any case in this series during 
the period of hospitalization. 

Obviously, the same criteria for selection of patients, contraindica- 
tions, conduct, and precautions employed for spinal anesthesia with 
other drugs arc applicable to this technique. 
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PULMONARY COMPLICATIONS FOLLOWING APPENDECTOMY 
AND HERNIORRHAPHY 

j\Iajor Felix Hughes, and Captain S. S. Lambeth, j\'lEDicAL Corps, 
Army of the United States 
(From the Surgical Service, Station' Hospital, Camp Fuchcr, Ala.) 

T he pulmonary complications following 400 operations for hernia 
and 361 operations for appendicitis in the Station Hospital, Camp 
Rucker, Ala., are sliorni in this paper. An insignificant number of the 
cases of appendicitis were in ivomen and aU of the hernias were in men. 
This is a report of pulmonary complications following lower abdominal 
operations on healthj^ imung men between IS and 40 years of age, using 
spinal anasthesia (150 mg. novocain) as the rovMino ancstlmtio, ivom 
Jul}^ 1942, until Jlay 15, 1944. 

The differentiation of atelectasis, bronchitis, pneumonitis, and broncho- 
pneumonia is dependent upon clinical observation with roentgenographic 
studies. Spink and Beilis^ have noted that it is not always possible 
to be sure of the exact pathology in the early and minimal cases. King® 
believes that the presence of a bronchitis is the cause of the secretion 
that accumulates in the bronchial tree and may result in atelectasis. 
King has shown that the incidence of pulmonary complications varies 
with the interest taken in the subject, reporting 3.7, 5.2, and 6.6 per cent 
being present during successive 3 mars. Haight and Ransom® state that 
atelectasis is most common after upper abdominal surgerj’', that it is 
twice as frequent in men as in women, that it is twice as frequent after 
gastric surgery as it is follovdng biliary surgerjq and that it occurs 
more frequentlj’^ in individuals with a chronic cough, chronic bronchitis, 
sinusitis, asthma, or an acute cold. Oswald'* found the incidence twice 
as high in those over 40 jmars of age, an incidence of 5 per cent after 
hernia and appendix operations, and an incidence of 20 to 30 per cent 
after upper abdominal surgeiy. Maier® reports an incidence of 10 per 
cent of atelectasis in the pulmonaiy remnant after lobectomj^ for bron- 
chiectasis without a fatalitj’’, but states that Gowar reported 33 per cent 
atelectasis in 154 cases of lobectomj'- for In’oncliiectasis, and that one- 
ihird of the deaths ivere due to suppuration in the unexpanded portion 
of the lung. 

Table I shows that there were 35 patients (4.6 per cent) with pul- 
monary complications, following 761 operations for hernial repair or 
some type of appendicitis. 

There was an incidence of 5.5 per cent (or 22) pulmonaiy complica- 
tions after 460 herniorrhaphies. Thirteen (or 3.6 per cent) pulmonaiy 
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Table I 


type of opehation 

Numbep. of 
OPEHATIONS 

NUMBER, OF 

POLMONAEY 

COMPLTC.tTIONS 

PER CENT 

Total operations for hernia or appendicitis 

7C1 

35 

4.G 

Total hernia operations 

400 


0.5 

Bilateral inguinal hernia 

101 

12 

11.9 

Eight inguinal hernia 

IGG 

3 

1.8 

Lett inguinal hernia 

95 

7 

7.4 

Total operations for appendix pathology 

3G1 

13 

3.G 

Operations for gangrenous appendix 

28 



Perforated appendix 

14 



Appendical abscess 

7 




49' 

5 

10.4 

Operations for simple appendicitis 

312 

S 

2.0 


complications folloived 361 opevations for appendicitis. There was an 
incidence of 11.9 per cent following 101 bilaleral hernias, an incidence 
of 1.8 per cent following 166 right inguinal liemiorrhaphies, and an 
incidence of 7.4 per cent following 95 left inguinal herniorrliapliies. 
The incidence was 10.4 per cent after 49 operations for gangrenous or 
perforated appendicitis or appendical abscess. 

Table II shows that atelectasis alone was present in 12 cases and 
atelectasis wnth pneumonitis was present in 5 cases. Bronchopneumonia 
was present 4 times, bronchitis 13 times, and a lobular infarct occurred 
in the left base in 1 case. Lobar atelectasis was present in 10, cases, 
one-half of these being in the left low'er lobe. ]\Iassive atelectasis oc- 
curred once in the right lung and once in the left limg. 

Table H 


TYPES OF complications 


Atelectasis alone 



12 (Eieht lung, 5; left lung, 7) 

Upper lobe 


3 


Eight 

2 



Left 

1 



Lower lobe 


7 


Bight 

2 



Left 

5 



Massive 


2 


Bight 

1 



Left 

1 



Atelectasis with pneumonitis 



o 

Bronchopneumonia 



4 

Bronchitis 



13 

Lobular infarct left base 



1 


Table III shows that atelectasis was present in 12 of the 22 patients 
with complications following hernia operations and was present 5 times 
in 13 patients with complications following operations for appendicitis. 

Spinal anesthesia was used routinely and there were 32 (or 4.8 per 
cent) complications after 671 spinal anesthetics. There were two (or 
3.9 per cent) complications following 51 spinal anesthesias .supplemented 
with general anesthesia. It is generally felt that the anesthetic is not a 
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Tabbe m 


Complications foUoAA'ing hernia operations 

Atelectasis alone or with pneumonitis 
Broneliopnenmonia or bronchitis 

12 

10 

Total 

22 

Complications folIo\ring appendicitis operations 
Atelectasis alone or Avith pneumonitis 

5 

Bronchopneumonia or bronchitis 

7 

Lobular infarct 

1 

Total 

13 


great factor in causing pulmonary complications or that spinal anes- 
thesia will prevent pulmonary complications. 

There was no mortality in the 761 eases. Delay in aeration of an 
atelectatic lobe occurred in two cases. In one ease the first film Avas 
made twenty-four hours postoperatively (Aug. 27, 1943) and showed 
a beginning atelectasis. Under routine treatment including sulfadiazine 
there were no symptoms or fever that could not be explained by the 
abdominal condition. However, an x-ray view taken Sept. 6, ten days 
postoperative^, shows a well-developed right, upper lobar atelectasis. 
This was not producing any sj'mptoras or fever. An x-x’ay taken Sep- 
tember 13 shoAved a marked clearing of the process and the lung Avas 
entirelj”- clear September 27. There Avere no patients Avith lobar pneu- 
monia. A small infarct occurred in one case in the left base, obliterating 
the eostophrenic angle and causing a density on the radiograph that 
Avas reported present one month after discharge from the hospital, but 
not producing any symptoms. 

Prevention of pulmonary complications is possible by attention to 
many details that influence and predispose to its occurrence. In one- 
tbird of our eases there Avas a history of respiratory infection, tooth in- 
fection, or sinusitis immediately prior to, or at the time of, operation. 
The eradication of infection in the nose, mouth, or respiratory tract and 
lapse of period of 7 to 14 days before operation is desirable. An acute 
phase of a chronic pulmonary infection in the presence of bronchiectasis 
should be alloAved to subside completely. The pulmonary bronchial 
system before, during, and after the operation should be kept clear. For 
these loAA'er abdominal eases the patient Avas asked to clear his bronchi 
prior to operation and a slight Trendelenburg position AA'as used during 
the operation. The patients Avere usually ventilated at the end of opera- 
tion Avith carbon dioxide and the importance of deep breathing, cough- 
ing, expectorating, and moAung the legs Avas stressed. They Avere 
encouraged to cough, and Avere assisted in cougliing. 'Wlien bronchial 
secretion Avas obviously present and the patient Avas having difficulty 
expectorating, carbon dioxide oxygen ventilation Avas given tAvice daily. 
Sulfadiazine, 1 Gm., Avith sodium bicarbonate, 1 dr., aa^s given six times 
daily with a fluid intake sufficient to giA-e a urinary output of 1,000 c.c. 
or more. 
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Very little has been written about the i)syebologic inhibition of cough- 
ing that has plaj'cd a part in the development of atelectasis in many of 
our cases, especially in the cases of massive atelectasis encountered at 
the onset of the series. Coughing causes a pain in the Avound and the 
soldier thinks of tearing tlie repair with the development of another 
hernia, which is a real, tangible, experience, whereas he probably has 
never heard of pulmonary complications. In the great majority of cases 
this is easily overcome by explanation before operation, repeated during 
the operation by the anesthetist, and by frequent visits, reassurance, and 
personal contact postoperath'ely. Not the least, of this reassurance is 
aiding the patient in coughing by holding his wound while he coughs and 
at times giving a few sharp slaps on the back. To reinforce this 
psychotherapy and actually stimulate deep breathing, carbon dioxide 
and oxygen inhalations have been used frequently for a few days. This 
is of more value after herniorrhaphy since tAvo AA’ceks hat in Imd, or more, 
are necessary postoperativcly, Avliereas AA’ith the simple appendectomies 
Avith a jMcBurncy incision the patient is given freedom to do as much 
as he AA-ill and encouraged to early sitting and AA-alking. 

The treatment of atelectasis and bronchitis is usually satisfactory 
AAoth the use of inhalations, sulfadiazijic, and more energetic Avorking 
Avith the patient for liim to cougli up the secretions. Frequent radio- 
graphic studies, at least daily for a fcAv days, are necessary to establish 
the aeration status of the lungs. If conservative measures are not suc- 
cessful, aspiration of the plugs and establishment, of a clear airAvaj^ are 
necessary. Haight and Eansom recommend the use of a soft No. 16 
French urethral catheter Avhen frequent aspirations are needed, and the 
patient is not cyanotic. Bronchoseopic aspiration is necessary if tliese 
measures are not successful. 


SUMMARY 

There Avere 35 (or 4.6 per cent) pulmonary complications folloAving 
761 operations for hernias and for patliologic conditions resulting from 
disease of the appendix in a station liospital during the past tAVO years. 
There Avas no mortality following these operations. 

Pulmonary complications were present in 10.4 per cent of 49 operations 
for severe appendicitis and 2.6 per cent of 312 operations for uncom- 
plicated appendicitis. 

There Avere 22 (or 5.5 per cent) pulmonary complications after 400 
operations for hernia. 

Atelectasis Avas present alone or in combination in 17 cases and bron- 
chitis or bronchopneumonia Avas present in 17 cases. There Avas one 
small pulmonary infarct. 

We do not believe that the use of spinal anesthesia is a factor in the 
development of postoperative pAilmonary complications. 
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The presence of infection of ilie np])cr respiratory tract, sinuses, teetli, 
tonsils, or the lungs will increase the development of pulmonary compli- 
cations. 

Prevention of atelectasis is best accomplished by the preservation and 
activation of the normal cough by reassurance, adequate explanation of 
the objective to the patient, and the employment of turning, deep breath- 
ing, slapping on the back, and CO, inhalations as adjuvants of psycho- 
therapy all combining to result in normal expectoration liy the patient of 
the bronchial secretions. 

Sulfadiazine and sodium bicarbonate arc used routinely with pul- 
monary complications because of the frequent impossibility of differenti- 
ating infection from atelectasis early in the process and because atlectasis 
is frequently associated with infection. 

Catheter aspiration or lironchoseopy is adi'pcated if conservative 
measures fail. 
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CARDIOVASCULAE DISTURBAA'CES FOLLOWING 
PNEUMONECTOIylY 


An Attejipt to Correlate Blood Pressure and 
Intr.vpleural Pressure Changes 

William D. Seybold, and 0. Theron Clagett, jM.D.f 

Rochester, IMinn. 

C ardiovascular disturbances during and immediately after 
pneumonectomy have been noted bj' manj-- observers and have been 
the oliject of considerable attention. The problem is no less complex 
than the vhole subject of cardiovascular plij-siology. jMany factors have 
been suggested as being responsible for these changes ; many factors, un- 
doulhedly, operate. 

In our experience a considerable decrease of blood pressure is com- 
monly noted immediately after removal of a patient from the operating 
table to tbe bed in bis room. Waieri suggested tbat after pneumonee- 
tomy, changes in intrapleural pressure incident to change in the position 
of the body of the patient may be responsible for sudden drops in blood 
pressure and changes in the character of the pulse. In order to test this 
hypothesis and in an attempt to throw more light on this problem, we 
have measured, in five cases, intrapleural pressure in three positions 
immediately after closure of the thoracic wall foUouing pneumonectomj’-, 
and have talieu simultaneous records of the blood pressure and the 
pulse rate. 

FREQUENCY, MAGNITUDE, AND DUR.ATION OF THE FALL OF THE BLOOD 
PRESSURE OF P.VTIENTS IMJIEDLVTELY .VFTER PNEUMONECTOJIY 

The records of twenty-eight patients on whom pneumonectomy had 
been perfonned were studied to determine the frequency and magnitude 
of a significant fall of blood pressure on the return of the patient from 
the operating room to his ho.spital room. Of these twenty-eight, seven- 
teen (61 per cent) had a significant drop (average 35 mm. of mercurjO- 
The duration of the abnormal reduction of blood pressure varied 
widely, "with forty minutes the minimum and forty-eight hours the 
maximum. The average time required for return of the pressure to 
approximately normal (that is, preoperative) levels was 9.6 hours. 

In order to establish some basis for comparison, nine cases in which 
transthoracic exploration for inoperable carcinoma of the cardia of the 
stomach or of the lower end of the esophagus had been iierformed and 
nine cases in ivliich partial gastrectomy for carcinoma or for duodenal 
ulcer had been performed were used to determine the frequency and 
magnitude of decreases of blood pressure in the same immediate post- 
operative period. 
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In tlie grotip of eases in wiiicli transtlioraeic exploration was per- 
formed, six patients liad no appreciable change in blood pressure dur- 
ing this period. Three had transitory falls to 70 to 90 mm. of mercury 
systolic, but their blood pressure rose to normal in the next one to 
three hours. 

In the second group of nine cases in which partial gastrectomy was 
performed, only one patient had an appreciable fall in pressure. This 
was a man aged 64 years, whose pressure fell from 144/80 to 110/64, 
but steadily and rapidly rose to its preoperative level. There was little 
in his liistory to suggest heart disease but he died of coronary occlusion 
on the fourth postoperative day. 

To summarize, in only four of eighteen cases in which rather exten- 
sive surgical procedures had involved the thoracic and abdominal cavi- 
ties was there an appreciable fall of blood pressure between the de- 
parture of the patient from the operating room and his ai’rival in the 
hospital room. In no ease was the fall great nor was it of long dura- 
tion. This result is in rather striking contrast to the group in which 
pneumonectomy was performed. 

desceiption op method 

Intrapleural pressures were measured bj^ means of a U manometer 
(water) immediately on closure of tlie thoracic wound in five cases' in 
which pneumonectomy had been performed. 

In four instances pressures were measured through a 24 P. rubber 
catheter, which had been allowed to remain in the wound during 
closure. Gentle suction through the catheter was applied throughout 
the procedure of closure in order to prevent the development of ten- 
sion pneumothorax by the valve action of the intercostal structures 
from the time they were loosely brought together preparatory to 
suture until the thoracic wall was closed in an airtight manner by 
suture. In each case the thorax was closed securely before pressure 
readings were taken and the first intrapleural pressure was nearly the 
same as atmospheric pressure.’*^ 

With the patient successively in the lateral horizontal position, in 
the dorsal horizontal position, and in the dorsal position with the head 
of the table elevated 30 degrees, intrapleural pressures were measured. 
The patient had remained in the lateral position Avith the pneumonec- 
tomized side up throughout the course of the operation and the first 
measurement Avas made before this position Avas altered. Simultane- 
ously, the blood pressure and pulse rate AA^ere determined. 

Intervals betAveen measurements in the three positions varied from 
one to three minutes, or the time, in each instance, consumed in cliang- 
iug the patient’s position and in making the necessary measurements. 

‘Ti’*”'*; one e-icception. In Case 2, in -wlnca because or failure to regulate suction 
considerable negative pressure developed. ” 
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PREOPERATIVE AIEDICATION 

In each case preoperative medication Iiad been tlie same: IV 2 
(0.1 Gm.) of soluble pentobarbital (nembutal) on the evening before 
operation, V/o gr. (0.1 Gm.) of soluble pentobarbital at 7 a.m. on the 
day of operation, and H gr. (0.01 Gm.) of morphine sulfate and )4.';o gi'- 
(0.00043 Gm.) of atropine sulfate approximately one hour before the 
induction of anesthesia. 

ANESTHETIC AGENT.S I'.MPLOYICD 

In every ease anesthesia was induced with nitrou.s oxide and oxygen, 
to which mixtiu’e ether was added sub.seqnontly. The mixture was ad- 
ministered with a closed system through an intratracheal tube. 

INTR.U'EEUR.VU PRESSURE RECORDS 

Depending on the surgical findings regarding the state of the pleura 
and the consequent mobility of the mediastinum, the cases could be 
divided into two groups: (1) those with thickened pleura and an im- 
mobile (fixed) mediastinum (two eases) ; and (2) those with thin pleura 
and a mobile mediastinum (three eases) . 

In those of the first group, there were no significant changes (that is, 
changes that could be measured accurately with this method) in intra- 
pleural pressure ivith changes in position. 

In the second group, in which the mediastinal pleura liad appeared 
grossly normal and in which the mediastinal mobilitj^ liad been apparent 
nnth respiratory motion while the thorax was open, theie was a consid- 
erable rise in intrapleural pressure ivith the cliange from a lateral hori- 
zontal to a dorsal hoiazontal position and a lesser but measurable change 
to a lower pressure mth elevation of the head of the table 30 degrees. 

The position of the mediastinum as shown by the roentgenogram' of 
the thorax made immediately after operation was considered as reflecting 
the px’essure differential between the two sides of the thorax (if the 
mediastinum was not rendered immobile by pleural tliickening). In the 
absence of atelectasis in the remaining lung, sliift of the mediastinum 
away from the side of the pneumothorax invaiiablj' meant an abnor- 
mally high intrapleural pressure on that side. Tlnis, in a numlier of 
cases in which measurements of intrapleural pressure had not been 
made, abnormal position of the mediastinupi in an early postoperative 
roentgenogram of the thorax gave indirect evidence of significant devia- ' 
tion of intrapleural pressure from the normal and so afforded observa- 
tions pertinent to this study. 

CORRELATION OF INTRAPLEURAL PRESSURE, BLOOD PRESSURE, AND 

PULSE RATE 

In those cases (Cases 1 and 2) in which the pleura was thickened and 
the mediastinum was thus rendered immobile, our measiu’ements failed 
to show any significant change in intrapleural pressure with changes in 
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position. Yet in eacli instance tlierc •were minqr drops in blood pressure 
during these maneuvers and a considerable fall in blood pressure be- 
tween the time when it was last recorded immediately before departure 
from the operating room and the time when it was first recorded on 
arrival in the patient’s room ten to twenty minutes later. In both 
cases there was a slight increase in the pulse rate, with the fall in blood 
pressure. Within a few hours after return to the hospital room, the 
blood pressure gradually rose to noianal preoperative levels and the 
general condition of the patient ■was never considered to be alaimiing. 
Intrapleural pressure had been adjusted to approximately atmospheric 
levels and the mediastinum Avas shmvn b}’’ roentgenogram to be in the 
midline when the patient Avas lying on his bach. 

In Cases 3, 4, and 5, in Avhieh the pleura appeared normal and the 
mediastinum mobile, there Avere ehan'ges in the intrapleural pressure 
Avitli changes in the position of the patient. Tliese changes Avere of 
similar magnitude in each of the three eases. In Case 3 there Avas no 
measurable change in blood pressure or pulse rate during these maneu- 
A'ers. In Case 4 there Avas a fall in systolic jiressure of 5 mm. of mer- 
cury and in diastolic pressure of 10 ram. AAdthout significant change in 
the pulse rate. These changes of blood pressure disappeared Avithin a 
fcAV minutes, before the patieiit could be removed from the table. In 
Case 5 the reaction Avas similar to that in Case 4 except for a slight 
sloAving of the pulse during the period of pressure measurements. 

In each of these three eases thei'c had been a considerable rise of 
intrapleural pressure in the empty pleural cavity Avith change from a 
lateral to a dorsal position, but in no case Avas there any considerable 
difference betAveen the blood pressures or the pulse rates as recorded 
in the tAvo positions. PostoperatiA^e roentgenograms of the thorax 
Avith the patient in the dorsal horizontal position shoAved the mediasti- 
num in the midline. 

Observations on the blood pressure and pulse rate during the same 
period Avere made in three other cases (Cases 6, 7, and 8) in Avhich 
intrapleural pressure measurements Avere not made but in which im- 
mediate postoperatwe thoracic roentgenograms gaAm indirect evi- 
dence on intrapleural pressure. It has been suggested that changes of 
intrapleural pressure are important chieflj’- because of their effect on 
the position of the mediastinum. In Case 6 there Avas a drop from 
105/70 to 85/60 AAdien the patient Avas turned on her back and held in 
•a head-and-shoulders-up position (propped up approximately 30 de- 
grees) Avhile a dressing Avas being applied. Thirteen minutes later the 
pressure had returned to 110/75 Avhile she Avas Ijdng on her back. 
Immediate postoperathm roentgenograms in this position .shoAved the 
mediastinum in the midline. ElcAmtion of the head rather than the 
change from the lateral to the dorsal position seemed to be i-e.sponsible 
for the transitory fall of blood pressure. In Case 8 there Avas no 
change of blood pressure during this maneuver, although there was 



542 


SURGHRY 


some fall subsequently during bronclioseopic aspiration. In this case 
a thoracic roentgenogram showed a slight shift of the mediastinum to 
the good side but of such minor degree that no adjustment of the 
intrapleural pressure was deemed necessary. 

Case 7 is particularly interesting and pertinent to this study. Suc- 
tion was not applied to the pleural space during closure and an abnor- 
mally high intrapleural pressure was inadvertently allowed to develop 
with a resulting considerable shift of the mediastinum aAvay from the 



A. B. 

Fig. 1 (Case 7) — A. The thorax immediately after pneumonectomy. The con- 
siderable shift of the mediastinum to the right is apparent. B. A few hours later, 
after the withdrawal of air from the side of the pneumothorax and the adjustment 
of intrapleural pressure to approximately atmospheric level (see Fig. 2). Both views 
were made with the patient lying flat on her back. 

side of the pneumothorax. This was discovered in the routine thoracic 
roentgenogram taken on arrival of the patient in her room. Two hun- 
dred cubic centimeters of air were withdrawn tvithouf visible change 
in the position of the mediastinum or change in the blood pressure or 
pulse rate. With the pneumothorax apparatus an additional large 
volume (approximately 700 e.e.) of air was withdratvn and the pres- 
sure adjusted to approximately atmospheric level. This required 
about five minutes. There was no change in the blood pressure or 
pulse rate, although the respiratory rate fell almost immediately from 
24 per minute to 16 per minute. A roentgenogram of the thorax taken 
a few minutes later showed the mediastinum to have returned to its 
normal midline position (Pigs. 1 and 2). 

Of the eight patients just considered, two had mediastinal shift: 
one ivithout a fall in blood pressure; the other with a slight fall in 
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blood pressure, wliieb was unaffected by relief of the tension pneumo- 
thorax and the return of the mediastinum to the midline. Of the six 
patients without mediastinal shift, three had knouui changes in intra- 
pleural pressure associated with change in position of the body but 
without demonstrable effect on the blood pressure or pulse rate. 
Though there was no apparent coi-relation of the blood pressure and 
pulse rates with changes in intrapleural pressure, a fall of blood pres- 
sure was demonstrated in six of the eight cases during the period of 
return of the patient from the operating room. 



Hou.r’s 

Fig. 2. — Systolic blood pressure during the operative and early postoperative period 
in Case 7. Time at whicli tension pneumothorax was relieved by the withdrawal of 
700 C.C. of air is indicated. The failure of relief of pneumothorax to influence systolic 
blood pressure is apparent. Although the pulse rate for the postoperative period is 
not shown here, it too was unchanged. 

It has already been pointed out that in a series of twenty-eight 
cases of pneumonectomy done prior to this study, there was a consid- 
erable postoperative fall of blood iiressure in 61 per cent, so that the 
proportion in the combined series is 64 per cent. A further analysis of 
the series of twenty-eight cases on the basis of the presence or absence 
of mediastinal shift is of some interest. Roentgenograms of the thorax 
made immediately after operation showed the mediastinum in the mid- 
line in sixteen and with a slight shift (always to the good side) in 
twelve. In nine of the group of sixteen cases in which the mediasti- 
num was in the midline, a fall of blood pressure occurred in the im- 
mediate postoperative pei'iod. The average fall was 32 mm. of mei'- 
cury systolic and the period required for return to normal varied from 
two to thirty hours (Table I). 
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TABIiH I 


Data ok Tw'ektv -Eight Cares ik Wuicu PKEUitoxECXoiiv Was PF.r.FOiiMEi) 


1 

CHARACTERISTIC ! 

POSITIOK or MEDIASTINUJt AS SIIOAVK BA' IMMEDIATE 
rOSTOPERjATlVE ROEKTGEKOGRAM 

MEDIASTIUM IN MIDUNE | 

1 JIEDIASTIKAL SHIFT 

1 NO POSTOPERA- j 
TIVE FAEI, OF 

blood I 

I PRESSURE 

1 POSTOPERA- 
TIVE FALL OF 1 
BLOOD 
pressure’* 

XO POSTOPERA- 
aTTEFALLOP I 
BLOOD 1 

PRESSURE 1 

1 POSTOPERA- 
TIW: PALL OF 
BLOOD 
PRESSUREf 

Total patients 

7 

9 

4 

8 

ilale 

c 

S 

3 

7 

Female 

1 

1 

1 

1 

Side of pneumonectomy 




Riglit 

5 

G 

1 

3 

Left 

O 

3 

3 

5 

Age of patient (ycats) 





10 to 19 


1 

1 


20 to 29 

2 




30 to 39 



1 

1 

40 to 49 


C 


1 

oO to 59 

3 

1 

O 

4 

GO to 69 

2 

1 


2 


*Avera,je fall 32 nini. of nifircury systolic. Blood pio.ssurc roUirnod to norniiil 
levels in two to thirty hours. 


tAverage fall 44 mm. of mercuiY .systolic. Blood pre.ssurc returned to normal 
levels in forty minutes to forty-eight hour.s. 

In twelve eases there ivere iniiior degrees of shift of the mediasti- 
num. In eight of tliis group there wei'e immediate iiostoperative de- 
creases of blood iiressure averaging 44 mm. of mercury systolic and 
requiring forty minutes to forty-eiglit hours for return to normal pre- 
operative range. In four cases in which there was mediastinal shift 
there was no significant change of blood pressure (Table I). 

The side on which pneumonectomy tvas performed seemed to liave 
no influence on this phenomenon; age was apparently not a factor of 
importance (Table I) . 

FACTORS INFLUENCIXG BLOOD PRESSURE AND PULSE RATE DURING 
AND lAIAIEDIATELY AFTER PNEUMONECTOMY 

Loss of blood may be considered briefly as a possible factor in this 
phenomenon of fall of blood pressure. Considerable loss of blood is, 
in many of these cases, inevitable but an attempt was made in each 
case to compensate for loss of blood by transfusion of Avhole citrated 
blood during the operative procedure. The amount of blood given was 
determined by an estimation of the amount of blood lost and by the 
stability of the blood pressure and pulse rate during the operation. 
There Avas usually little change in the concentrations of hemoglobin 
estimated preoperatively and in the early (after forty-eight hours) 
postoperative period, indicating that replacement had about equaled 
blood lost. In no case of this entire group (thirty-six) Avas there post- 
operative evidence of gross hemorrhage into the empty pleural space. 
When it seemed advisable to remove fluid Avhich had accumulated in 
the pleural space some days after pneumonectomy, this fluid Avas uni- 
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fonnly found to be grossly bloodj’^ but it was thin and lacked the ai)- 
pearanee of Avhole blood. It was considered in each case to be a bloody 
effusion. 

Obsei’vations on three patients suggested that lack of oxygen may 
have played a role in the temporary fall of blood pressure. The pa- 
tient in Case 2 arrived in his room at 2:25 p.m., Avhen his blood pres- 
sure was 85 mm. of mercui'y systolic and 52 diastolic. At 2 ;45 it was 
still 88 mm. of mercury systolic and 50 diastolic. In &ve more minutes 
he was placed in an oxygen tent and twenty-five minutes later the 
pressure had risen to 104 mm. of mercury systolic and 60 diastolic. In 
Case 6 the sj’-stolic pressure remained about 100 mm. of mercury dur- 
ing the first twenty-four hours. At the end of this time the patient 
was taken out of the oxygen tent for one hour, during which she be- 
came quite pale, her nail beds became slightly cyanotic, and her blood 
pressure promptly fell from 100/60 to 66/40. After her return to the 
oxygen tent, the pressure rapidly rose to the previous level. Change 
in her position in bed seemed to have no effect on her blood pressure. 
At the completion of the operation in Case 8 the blood pressure was 
115 mm. of mercury systolic and 70 diastolic, the pulse rate 132 per 
minute, and the pulse was regular. Immediatel 3 ' after bronchoscopic 
aspiration, the pressure was found to have fallen to 95 mm. of mer- 
cury systolic and 60 diastolic, and the pulse had become more rapid 
and somewhat irregular. The patient’s condition rapidly improved 
with the administration of oxygen by mask. 

There is another consideration of some interest in this connection. 
During the final steps in the closure of the thoracic wall, the admin- 
istration of the anesthetic agent is usually discontinued but the admin- 
istration of oxygen by mask is continued until bronchoscopic aspira- 
tion is carried out. Immediately after this procedure, oxygen is again 
given for a few minutes until tlie patient’s color has returned to nor- 
mal. The period of his transportation from the operating room to the 
hospital room and until the first determination of blood pressure is 
made is usually of fifteen to twenty minutes’ duration. During this 
period no oxygen was administered: otherwise the conditions under 
which the patient existed were no different from those during the 
final twentj’- to thirty minutes spent on the operating room table. Per- 
haps the return toward consciousness with recovery from the anes- 
thetie lessens neural thresholds generallj'- and permits the initiation of 
cardiovascular reflexes which are responsible for these changes of the 
blood pressure and pulse rate. These reflexes will be considered later. 
There are at least two eonsiderations opposed to this argument: one 
is that the patient is still in a rather deep plane of anesthesia and usu- 
allj’' does not begin to respond to external stimuli for another liour or 
more^ the other is that in the exiierimcntal animal cardiovascular 
reflexes have been shown to exist dui'ing deep surgical anesthesia. 
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There ai’e so many factors which directly or indii’cctly inihience the 
blood pressure and the pulse rate that these observations sug’jjesting 
a possible role for anoxia must be offered with caution. Howevei', it 
is known that in man anoxia can cause a lowering of the blood pres- 
sure,” an increase in the rate and frequency, and an irregularity in the 
rhythm of the heart beat.^ jMaier and Cournand^ found a reduction 
in the arterial oxygen saturation following pneumonectomy. This re- 
duction lasted for several days. None of their determinations of ar- 
terial oxygen saturation were made, however, in the early postopera- 
tive period while the influence of the anesthetic agent remained. AVc 
have no direct data on the oxygen content of arterial blood during 
that period but our observations, together with the experimental work 
just cited, support the possibility that anoxia may be present in a 
significant degree at this period aiid that it may play a causative role 
in the lowering of the blood pressure. 

The part played by cardiovascular reflexes initiated at the pulmo- 
nary stump and mediated through the A-agus nerve during the recovery 
from anesthesia has previously been alluded to. Eeflex disturbances 
initiated by operative manipulation and by direct electrical stimulation 
of the structures in the root of the liTug have been experimentally in- 
vestigated most recently by 0 ’Shaughnessy.'^ He found that blocking 
the vagus was not a safeguard against such reflex disturbances. Re- 
spiratory reflexes were thereby abolished but cardiovascular reflexes 
remained. No immediate changes in pulse, blood pressure, or respira- 
tion have been noted on application of clamps to structures in the root 
of the lung in this present series of cases in Avhich pneumonectomy has 
been performed. Arce and Brea® stated that vascular reflexes of this 
origin “may be manifested by sudden drop in blood pressure, brady- 
cardia, extrasystoles, auriculoAmntricirlar dissociation, and Amntricular 
fibrillation. . . . The intensity, degree, and severity of these phenomena 
vary considerably and cannot be foreseen.” 

As has been previously noted, these same cardioA'ascular effects can 
be produced by serious degrees of anoxia. The true role of either 
anoxia or vagal reflexes in the production of cardiovascular distui'b- 
ances associated with pulmonary resection has not yet been established. 
Certainly, as suggested by 0 ’Shaughnessy, unrecognized and unrecog- 
nizable reduction of cardiac reserve in some of thes.e eases must exist 
preoperatiA'ely and be a factor in this phenomenon. It seems safe to 
say that slight to moderately abnormal intrapleural pressure in the 
side of the pneumothorax with mediastinal shift does not play an im- 
portant part. 

SUMMARY 

Rather severe fall of blood pressure immediately following pneumo- 
nectomy has been noted commonly. In 64 per cent of a series of thirty- 
six cases herein reported such a drop occurred. Abrupt changes of the 
intrapleural pressure on the side of the pneumothorax, Avhich Avere 
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lii'odueed bj^ changes in the position of the body of the patient, were 
investigated as a possible cause. 

Determinations of intrapleural pressure were made on five patients 
immediately after closure of the thorax after pneumonectomy. These 
determinations were made with the patient in three positions. Simul- 
taneous records of the blood pressure and pulse rate were kept. Eec- 
ords of a number of other patients were reviewed for data pertinent 
to this study. 

In cases in which the mediastinum was mobile, changes in the posi- 
tion of the patient produced changes in the intrapleural pressure, but 
no constant change in the blood pressure or pulse rate could be cor- 
related with this change. 

As factors in this postoperative lowering of the blood pressure, hem- 
orrhage, anoxia, and cardiovascular reflexes mediated through the vagus 
were briefly considered. 


REPORT OP CASES 

Case 1. — The patient was a man, aged 42 years. On April 6, 1944, left pneu- 
monectomy was performed for saccular bronchiectasis secondary to multiple pul- 
monary abscesses. Tlie pleural ca%-ity was completely obliterated but adhesions 
were not dense. Tlie pleura, including the mediastinal pleura, was definitely (% 
inch [0.3 cm.]) thickened. The mediastinum appeared immobile. 

Immediately after closure of the wound tire intrapleural pressure was deter- 
mined by means of a 15 gauge needle inserted in tlie fifth interspace in the raid- 
a.'dllary line. At 1 p.m., while the patient was lying on his right side, the blood 
pressure was 110 mm. of mercury systolic and 65 diastolic; the pulse rate was 100 
per minute. The intrapleural pressure was -4 cm. of water on inspiration and 
-t-8 cm. on e.xpiration. At 1:02, rvhile the patient was lying on his back in a 
horizontal position, the blood pressure was 100 mm. of mercury systolic and 60 
diastolic; the pulse rate was 100 per minute. The intrapleural pressure was -4 
cm. of water on inspiration and -fS cm. on expiration. At 1:05, while the patient 
was lying on his back, with his head and shoulders elevated approximately 30 
degrees, the blood pressure was 100 mm. of mercury systolic and 60 diastolic, and 
the pulse rate was 104 per minute. The intrapleural pressure was -2 cm, of water 
on inspiration and •^6 cm. on expiration. 

At 1:20 P.M. the first determination of blood pressure made after the patient’s 
return to his room showed a systolic pressure of SO mm. of mercurj' and a diastolic 
pressure of 40. The pulse rate was 110. In four hours the blood pressure rose to 
110/60 and the pulse rate fell to 90 per minute. Both remained stable thereafter. 

A roentgenogram of the thorax made two hours after operation showed no 
mediastinal shift. 

One thousand cubic centimeters of whole citrated blood were given during the 
operation. The concentration of hemoglobin was 12.7 Gm. per 100 c.c. of blood 
before the operation and 13.7 Gm. forty-eight hours after the operation. 

Case 2. — The patient was a man, aged 50 years. On April 13, 1944, left pneu- 
monectomy was performed for bronchogenic carcinoma. There were dense pleural 
adhesions surrounding the upper lobe on all sides and thin fibrous adhesions over 
the entire surface of the lung. The mediastinum had little mobility. 

Suction was applied by catheter (without proper regulation) while the thoracic 
wall was being closed. When the initial attempt to measure intrapleural pressure 
was made, the negative pressure was so great that the fluid in the manometer was 
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There are so many factors 'which directly or indireclly influence the 
blood pressure and the pulse rate that these observations sURgeslinp: 
a possible role for anoxia must be offered with caution. However, it 
is Imown that in man anoxia can cause a lowering of the blood pres- 
sure,- an increase in the rate and frequency, and an irregularity in the 
rhythm of the heart beat.’ IMaier and Cournand'* found a reduction 
in the arterial oxygen saturation following pneumonectomy. This re- 
duction lasted for several day.s. None of their determinations of ar- 
terial oxygen saturation were made, however, in the early postopera- 
tive period while the influence of the anesthetic agent remained. We 
have no direct data on the oxygen content of arterial blood during 
that period Imt our observations, together with the experimental work 
just cited, support the po.ssibilify that anoxia may be i)resent in a 
significant degree at this period and lhat it may play a causative role 
in the lowering of the blood pressure. 

The part played by cardiovascular reflexes initiated at the pulmo- 
nary stump and mediated through the vagus nerve during the recovery 
from anesthesia has previously been alluded to. Reflex disturbances 
initiated by operative manipulation and by direct electrical stimulation 
of the structures in the root of the lung have been experimentally in- 
vestigated most recently by O’Shaughnessy.'^ He found that blocking 
the vagus was not a safeguard against such reflex disturbances. Re- 
spiratory reflexes were thereby abolished but cardiovascular reflexes 
remained. No immediate changes in pulse, blood pre-ssure, or respira- 
tion have been noted on application of clamps to structures in the root 
of the lung in this present series of cases in which pneumonectomy has 
been performed. Arce and Brea® stated that vascular reflexes of this 
origin “may be manifested by sudden drop in blood pressure, brady- 
cardia, extrasystoles, auriculoventricular dissociation, and ventricular 
fibrillation. . . . The intensity, degree, and severity of these phenomena 
vary considerably and cannot be foi-eseen.” 

As has been previously noted, these same cardiovascular effects can 
be produced by serious degrees of anoxia. The true role of either 
anoxia or vagal reflexes in the production of cardiovascular disturb- 
ances associated with pulmonary resection has not yet been established. 
Certainly, as suggested by 0 ’Shaughnessy, unrecognized and unrecog- 
nizable reduction of cardiac reserve in some of these cases must exist 
preoperatively and be a factor in this phenomenon. It seems safe to 
say that slight to moderately abnormal intrapleural pressure in the 
side of the pneumothorax Avith mediastinal shift does not play an im- 
portant part. 

SUMMARY 

Rather scAmre fall of blood pressure immediately folloAAung pneumo- 
nectomy has been noted commonly. In 64 per cent of a series of thirty- 
six cases herein reported such a drop occuiTed. Abrupt changes of the 
intrapleural pressure on the side of the pneumothorax, AA^hieh Avere 
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Case 4. — The patient was a man, aged 4S }’cars. On May 22 , 1944, right pneu- 
moneetomy was performed for broncliogenie carcinoma. Tliere was no pleural 
thiehening. The pleural sac was free of adhesions; the mediastinum was mobile. 

Measurements of intrapleural pressure were taken .througli a catheter, which 
had been used for maintenance of gentle suction during closure. At 2:28 r.M., 
while the patient was lying on his left side, the blood pressure was 100 mm. of mer- 
cury systolic and CO diastolic. The pulse rate was S4 per minute. The intrapleural 
pressure was -12 cm. of water at the interrespiratorj' phase, immediately before the 
onset of inspiration. At 2: 31, while the patient was Ijnng on his back in a hori- 
zontal position, the blood pressure was 105 ram. of mercury systolic and 70 diastolic; 
tlie pulse rate was 84 per minute. The intrapleural pressure at the interrespiratory 
phase was +2 cm. of water. At 2:32, while the patient was on his back with iiis 
head and shoulders elevated approximately 30 degrees, the blood pressure was 105 
mm. of mercury sj'stolic and 70 diastolic; the pulse rate was 9G per minute. The 
intrathoracic pressure at the interrespiratoiy phase was -2 cm. of water. At 2:37, 
while the patient was on his back in a horizontal position, the blood pressure was 
110 mm, of mercury systolic and 80 diastolic; the pulse rate was 96 per minute. 

Case 5. — The patient was a man, aged 01 years. On dune 8, 1944, right pneu- 
monectomy was performed for bronchogenic carcinoma. There were no pleural ad- 
hesions. The mediastinum was mobile. 

Measurements of intrapleural pressure were taken through a catheter, which 
had been used for maintenance of gentle suction during closure. Throughout the 
operative procedure the systolic blood pressure varied from 120 to 90 mm. of mer- 
cury. At the completion of the procedure it was 110 Jnm. The pulse rate, which 
was initially 80, rose to 100 per minute. At 2:11 P.M., after the incision had been 
closed and while the patient was lying on his left side, the blood pressure was 120 
mm. of mercury systolic and 70 diastolic; the pulse rate was 84 per minute. 

At 2:15 P.Ji., while the patient was lying on his left side, the blood pressure and 
pulse rate were the same as at 2:11. The intrapleural pressure at the interrespira- 
tory phase, immediately before onset of inspiration, was +4 cm. of water. At 2:19, 
while the patient was lying on his back in a horizontal position, the blood pressure 
was 110 mm. of mercury systolic and 60 diastolic; the pulse rate was 76 per minute. 
His intrapleural pressure at the interrespiratory phase was -(■12 cm. of water. At 
2:20, while the patient was on his back with his head and shoulders elevated ap- 
proximately 30 degrees, the blood pressure was 105 mm. of mercurj' systolic and 60 
diastolic; the pulse rate was 76 per minute. The intrapleural pressure at the inter- 
respiratory phase was +6 cm. of water. At 2:30, immediately after bronchoscopic 
aspiration, the patient’s blood pressure was 110 mm. of mercury systolic and 60 
diastolic; the pulse rate was 88 per minute. He was given 100 per cent oxygen by 
mask. At 2:40, immediately before the patient left the operating room, the blood 
pressure was the same as at 2:30. 

At 3 r.M. the first determination of blood pressure after the patient had been 
transported on a litter to his room and placed in bed was made while he was in 
a horizontal dorsal position. The blood pressure was SO mm. of mercury systolic 
and 60 diastolic. Almost immediately he was placed in an oxygen tent. Within 
ono hour the blood pressure had risen to 120 mm. of mercury systolic and 80 
diastolic. During this period tlio pulse rate varied from 60 to 80 per minute. A 
roentgenogram of the thorax showed the mediastinum in the midline. Twelve 
liundred cubic centimeters of whole citrafed blood were given during the operation. 

The concentration of hemoglobin was 14.0 Gm. per 100 c.c. of blood before the 
operation and 12,3 Gm, forty -eight hours after the operation. 

Case 6.— The patient was a woman, aged 52 years. On June 12, 1944, right 
pneumonectomy was performed for bronchogenic carcinoma. There uere no pleural 



550 


SURGERY 


adhesions. Tlie mediastinum was mobile. During closure, negative pressure of C 
to 8 cm. of water was applied to the right pleural cavity through a rubber catheter, 
which was withdra'OTi immediately after closure. 

There was a brief episode of brisk hemorrhage from a small rent in the wall of 
the pulmonary' artery. The sj'stolic blood pressure fell to 70 mm. of mercury' at 
this time but rose rapidly to satisfactory- levels when the bleeding was con- 
trolled. At 1:.30 P.M., while the patient was lying on her left side at the completion 
of the operation, the blood pre.'jsure was 103 min. of mercury systolic and 70 diastolic. 

The patient’s head and shoulders were elevated about 30 degree.s during applica- 
tion of a dressing to the wound. At 1:35 r.M., immediately after this had been 
done and while the patient was lying horizontally on her back, the blood pres.sure 
was 85 mm. of mercury systolic and GO diastolic. From 1:35 to 1:45 bronehoscopic 
aspiration was performed. At 1:45 the patient’s blood pressure was 100 mm. of 
mercury systolic and 70 diastolic. From 1:45 to 1:48 she was given 100 per cent 
oxygen by' mask. At 1:48 the blood pressure was 110 mm. of mercury systolic and 
75 diastolic. 

At 2 P.M. the first determination of blood pressure after the patient’s arrival in 
her room was made. At this time the blood pressure was 90 mm. of mercury 
systolic and 50 diastolic; the pulse rate was 128 per minute. One hour after this 
the blood pressure had risen to 100 mm. of mercury sy-stolic and CO diastolic; the 
pulse rate had fallen to 104 per minute. 

The patient’s blood pressure and pulse rate remained stable during the next 
twenty-four hours. At the end of this time she was taken out of the oxygen 
tent* for one hour. During this interval she became quite pale, her nail beds 
became slightly cyanotic, and her blood pre.«sure fell abruptly- from 100/00 to 
66/40. After her return to the oxygen tent the blood pressure rose to the pre- 
vious level and her general condition improved promptly. 

One thousand cubic centimeters of whole citrated blood were given during the 
operation. The concentration of hemoglobin was 12.3 Gm. per 100 c.c. of blood 
before operation and 12.1 Gm. forty-eight hours after operation. 

Case 7. — The patient was a woman, aged 31 years. On June 12, 1944, left 
pneumonectomy was performed for a large bronchial adenoma. Some pleural ad- 
hesions were present but the mediastinum was mobile. 

The thorax was closed without suction by catheter in the pleural space during 
the procedure. A roentgenogram of the thorax taken immediately after the 
operation revealed a considerable shift of the heart and other mediastinal struc- 
tures to the right. Two hundred cubic centimeters of air were removed from 
the left pleural cavity without visible change in the position of the mediastinum 
and without apparent influence on the blood pressure or pulse rate. Several hours 
later, with the aid of the pneumothorax apparatus, intrapleural pressure was 
found to be approximately- +16 cm. of water immediately before the beginning 
of inspiration. After the withdrawal of about 700 c.e. of air the pressure was 
reduced to -2 or —i cm. of water. Another roentgenogram of the thorax showed 
that the mediastinum had returned to the midline. This readjustment of intra- 
pleural pressure occupied about five minutes. There was no change of blood 
pressure or pulse rate, though the respiratory rate immediately- fell from 24 per 
minute to 16 per minute (Figs. 1 and 2). 

Case 8. — The patient was a boy, aged 16 years. Left pneumonectomy was per- 
formed for marked saccular and cystic bronchiectasis involving the entire lung. 
There were thin fibrous adhesions over the entire surface of the lung. The medi- 
astinum appeared fairly mobile. During closure, suction through a temporary 
catheter was maintained. 

*AI1 patients routinely are placed in an oxygen tent when they are returned to 
their rooms after pneumonectomy. 
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Tho blood pressure had remained stable throughout the procedure (100 to 108 
mm, of mercury systolic). The pulse rate had risen from 80 to 120 per minute. At 
12:30 r.M.j while the patient was lying on Jus right side at the completion of closure 
of the incision, tho blood pressure was 115 mm. of mercury sj’stolic and 70 diastolic; 
the pulse rate was 132 per minute. The patient’s head and shoulders were elevated 
approximately 30 degrees during the application of a dressing. At 12:35, while 
ho was horizontal on his back, the blood pressure and pulse rate were the same as 
at 12:30. Prom 12:35 to 12:47 bronchoscopic aspiration was performed. At 12:47 
tho patient’s blood pressure was 95 mm. of mercury systolic and 60 diastolic; the 
pulse was rapid and irregular. He was given 100 per cent oxj'gen by mask. At 
12:50 the blood pressure was 90 mm. of mercury systolic and 60 diastolic; the 
pulse rate was 126 per minute and the pulse was regular. 

At 1 P.M. the first determination of blood pressure after the patient’s arrival in 
his room was made. The sj'stolic pressure was 50 mm. of mercury; the diastolic 
pressure could not be determined. The patient was placed in an oxygen tent within 
a few minutes. At 1:30 the blood pressure was 80 mm. of mercury systolic and 
50 diastolic; the pulse was of good volume and liis skin was warm and dry. At 

9 p.M. the blood pressure was 90 mm. of mercury systolic and 55 diastolic. At 

10 p.M. his blood pressure was 100 mm. of mercury systolic and 60 diastolic. 

A roentgenogram of the thorax taken immediately after operation showed very 
slight shift of the mediastinum to the right. This was so slight that readjustment 
of the intrapleural pressure was thought unnecessary. 
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TUBERCULOUS ABSCESS OP THE 'JTIYJJOIU GLAND 
Karl, P. Klassex, ]M.D., axu Georoe !M. Curtis, jM.D., Colujirus, Ouio 

(From the Department of Bcscarch Surgery, The Ohio Stale University) 

T here is at the present time a considerable amount oi' literature on 
tuberculous infection of the thyroid gland, a condition, however, 
considered rare by numerous surgeons with extensive experience in thy- 
roid surgery. Rokitansky^ slated that tuberculosis of the tliyroid gland 
was nonexistent, wliilc Virchow- assumed it to be extremely rare. AVith 
the advent of thjToid surgeiy, ease reports of tuberculosis of the thyroid 
gland began to appear in the literature, the diagnosis having been 
made in the majority of cases on the basis of extensive microscopic ex- 
aminations of surgically removed goiters. All eases reported prior to 
1913 were reviewed by Pollag,^ who added eases of his own. In this 
country, Slosiman in 1917, ‘ gave an excellent review of the literature at 
that time predominately European, and reported nine cases studied up 
to 1917 at the Crilo Clinic. Coller and Huggins, in 1926,' added five 
more eases to a. list of 105 apparentl}’- proved cases of tuberculosis of the 
thj^roid gland. Twenty-one cases were reijorted from the Alayo Clinic 
in 1932 by Rankin and Graham, '* together witli 104 cases of surgically 
treated cases taken from the literature up to that time. Since then, 
case reports have been given by a number of clinicians, and at the present 
time the total number of recorded cases of tuberculosis of the thyroid 
gland is over 130. On reviewing these cases, however, it appears that 
there still is considerable confusion as to the criteria necessary to estab- 
lish a definite diagnosis of tuberculosis of the thyroid gland. The diag- 
nosis is questionable in a number of cases reported. 

Because of the relatively infrequent involvement of the thyroid gland 
as compared with other organs in patients suffering from pulmonary 
tuberculosis, an immunity of the thyroid gland to the invasion of the 
tubercle bacillus was assumed by a number of clinicians. This is still 
the consensus of most investigators. Tuberculosis of the thyroid gland 
v'as pi’odueed experimentally by direct injection of suspensions of the 
bacilli into the thyroid artery by Torri" in dogs, and into the carotid 
artery by Roger and Gamier® in rabbits and guinea pigs. Shimodiara® 
was able to show that the spleen, kidney, and testis were more easily 
infected than the thyroid gland in rabbits. No conclusive experimental 
evidence is available to date to explain this apparent resistance of the 
thyroid gland to invasion by the tubercle bacilli. 

The sclerotic changes of the thyi'oid gland associated with atrophy 
foLind in necropsy material of patients having died of chronic pulmonarj^ 
tuberculosis were first described by Morin;” however, studies by Roger 

This study was aided by a grant from the Comly Fund for Researcii of the Ohio 
State University. 
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and Gamier® deiiioji.s) rated lliat these changes in the thyroid gland were 
dne to the toxemia of the luherculous disease, rather than actual inva- 
sion of the gland hy the Inberclc bacilli. Ivashiwainura''^ found similar 
sclerosing changes in the thyroids of patients having died of other 
chronic nontubereulous diseases. 

In the overwhelming hematogenous -dissemination of the tubercle bacil- 
lus in miliary tuberculosis, the thj'roid, as do the other organs of the 
])ody, becomes the seat of tuberculous infection. However, since death 
occurs invariably in a short time, such infection of the thyroid does not 
present a clinical problem in diagnosis or t.reatment, and only post- 
mortem material is available for study. Such cases have been reported 
in the literature.^'” 

The diagnosis of tuberculosis of the thyroid gland in the majority of 
cases reported in the literature was based on I’outine histologic examina- 
tion of thyroid tissue removed at thyroidectomy. In only a few patients 
was such a diagnosis suspected preoperatively and the diagnosis in the 
largest number was goiter, both toxic and nontoxic, thju’oiditis, or car- 
cinoma. The age of these patients usuallj' fell in the fourth and fifth 
decades, and examinations, particularly of their lungs, failed to reveal 
any evidence of pulmonary tuberculosis or tuljerculous infection any- 
where else in the body. At the time of operation there was, as a rule, 
diffuse enlargement of the thjuuid with nodule formation, and the 
diagnosis during operation was essentially that of the preoperative 
diagnosis. The postopei'ative course Avas uneventful and in all these 
cases there Avas primary healing of the wound. The patients Avere dis- 
charged and the diagnosis of tuberculosis of the gland AA^as made days 
later on the basis of the histologic changes found in the microscopic 
sections. Thus, at the time of the true diagnosis of the condition, no 
fresh tissue AA'as available, and culture or guinea pig inoculation could 
not be performed. An attempt Avas made to demonstrate the tubercle 
bacilli in the fixed tissues, dissolving the tissue in antiformin, and after 
concentration, staining the material by the usual Ziehl-Neelsen method. 
Using this approach, EuppaneU'^ Avas able to demonstrate tubercle 
bacilli in one of his three cases, Avhile Hedinger^“ reported having found 
tubercle bacilli in six of his seven cases. In this countiy, Mosiman* used 
the same method but AA’as not able to demonstrate the tubercle bacilli, 
although he found acid-fast particles AA'hich could be mistaken for tuber- 
cle bacilli; hoAvever, they did not exhibit the typical morphologjR Others 
AA’ho attempted to demonstrate tubercle bacilli by staining of fixed tissues 
or extracting the tissue Avith tlie antiformin method, but Avere unable 
to do so, Avere Dinsmore’" in tuentj’-one cases, Eankin and Graham'’ in 
twenty-one eases, and Jaffe” in four cases. The diagnosis of tuberculo- 
sis of the thyroid gland in the majority of cases, tlien, Avas based on 
histologic findings and interpretation, rather than by demonsti’ating the 
tubercle bacilli. " “ 
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The histologic picture reporled as being diagnostic of tuberculosis of 
the thyroid gland was the finding of both inlerfollicular and intrafolHc- 
ular giant cells resembling Langhans cells, lymifiiocyte and round-cell 
infiltration with fibrosis. Jaffe^® was the first to point out that the 
tubercle-like structures in these glands Avere the results of noninfeetious 
focal involutional changes of ncAvlj' formed and old follicles. Eienhotf'® 
and Seed"® demanded the demonstration of the txibercle bacilli before 
a diagnosis of tuberculous infection of the thyroid gland could be made 
Avith certainty. 

Direct extension of a tuberculous ]Ai-ocess from cervical l.ymph glands, 
muscles,' and trachea and larynx® to the thyroid gland has been reported. 
Such cases are not of particular surgical interest, the patholog}^ being 
demonstrated in post-moi’lem material. Tlie diagnosis of tuberculosis 
of the thyroid in these eases Avas based predominantly on finding ex- 
tensive tuberculosis in the lungs ajid other organs. 

There have appeared in the literature reports of sixteen cases of 
tuberculous abscesses of the thyroid gland. These abscesses, as a rule, 
developed in normal thyroid glands and clinically Avere characterized by 
a .sloAA'lj^ increasing fluctuant SAvclling in one lobe or isthmus. The 
treatment consisted of incision and drainage, and Avas folloAved by de- 
layed healing of the wound or sinus formation. The aspirated pus, when 
smeared or cultured, contained tubercle bacilli, and the granulation 
tissue removed Avas composed of tuberculous granulation. Tuberculous 
abscess of the thyroid gland AA'as occasionally associated Avith tubercu- 
losis elscAvliere in the body, although the primary source of the infection 
could not be found in all cases. The thyroid function Avas not altered 
prior to and folloAving incision and drainage of the abscess. 

CASE REPORTS PROM THE LITERATURE 

In 1894, Schwartz^^ reported the first surgically treated case of 
tuberculous abscess of the thyroid. His patient Avas a 30-year-old man 
Avith a sAvelling of the right lobe of the thyroid. The mass moved on 
SAvaUoAving and the larynx Avas deAuated to the left. On incision pus 
Avas obtained Avhich Avas sterile on the usual culture but acid-fast bacilli 
Avere demonstrated by guinea pig inoculation. The incision healed. No 
other foci of tuberculosis Avere reported. 

Ivanoff^® reported a probable case of tuberculous abscess in a 23-year- 
old man. A SAAfelling had appeared three months previously over the 
right thyroid gland, AAdiich became fluctuant, and on incision pus was 
obtained. No attempt AA^as made to find the tubercle bacilli, but since 
the patient died of miliary tuberculosis folloAving the development of 
tuberculosis of the left ileum and knee ten months later, Ivanoff made a 
diagnosis of tuberculosis of the thyroid gland. 

In a boy 2 years of age, Clairmont,^'* in 1902, found a Avalnut-sized 
tumor in the region of the isthmus which, because of obstructive symp- 
toms, Avas incised and found to contain pus. Acid-fast bacilli Avere not 
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demonstrated; however, the tissue removed showed tuberculous granu- 
lation tissue. The wound healed with difficulty and a draining sinus 
persisted for months. There was no evidence of tuberculosis elsewhere. 

In a 42-year-old man with pulmonary tuberculosis limited to the left 
upper lobe a fluctuant mass was found by Pupovac” and on incision pus 
was obtained from an abscess of the isthmus. The diagnosis was made 
on the basis of histologic examination. The wound healed promptly. 
There was no evidence of hyperthyroidism. 

Corner,-® in 1904, reported on a 9-3*eax'-old girl who had a fluctuant 
mass in the right thyroid with a hard left thyroid lobe. After incision 
and drainage the wound did not close and the patient died seven months 
later of tuberculous meningitis and miliaiy tuberculosis. 

The diagnosis of tuberculosis of the thyroid gland in the case of 
Ledidard-' may be questioned. A male of 21 j'ears had a fluctuant 
mass in the right thyroid gland. On puncture, pus was aspirated which 
was sterile, but contained numerous giant cells. There was complete 
healing of the puncture wound and no recurrence of the tumor. 

v.Sehiller-® was the first to make a diagnosis of tuberculosis of the 
thyroid gland during the operation on a patient with a cj^stic tumor 
of the left thyroid gland. This 17-3’’ear-old male had tuberculosis of the 
lungs. The pus obtained with incision of the cyst contained tubercle 
bacilli and was rich in iodine. 

Lenormant®® reported a ease, in 1908, of a man 40 years of age, with 
tuberculous osteomyelitis of the trochanter. There was a fluctuant 
swelling of the isthmus of the th 3 'i’oid, which on incision contained pus. 
A sinus persisted after the operation. 

In 1910, Halstead®® reported a case of tuberculosis of the tlyroid gland 
in a 28-yeai’-old woman. A swelling in the thyroid region ruptured 
spontaneously with the discharge of a large amount of pus. The lining 
of the abscess was composed of tuberculous granulation tissue. Acid- 
fast bacilli were not demonstrated. 

Pollag,® in 1913, reported two eases of tuberculosis of the th 3 a’oid with 
abscess formation in which tubercle bacilli were demonstrated on smear. 
The first case was that of a 59-year-old whit6 woman Avho had had a 
goiter since childhood. On examination she was found to have tubei*- 
culosis of the right knee and also of the lungs. A goiter was present; 
however, a fluctuant mass in the isthmus was incised and pus obtained. 
The wound healed in six weeks. The second case was that of a 74-year- 
old woman who presented a fluctuant swelling of the right thyroid lobe. 
Tliere was no evidence of tuberculosis elsewhere. On incision, grayish- 
brown pus was obtained. The wound did not heal for five months. 

Jean“ made a diagnosis of tuberculosis of the thyroid gland in a man 
of 42 years, who presented a C 3 'stie swelling of the thyroid. On Incision, 
pus was obtained but no acid-fast bacilli were demonstrated. Tlie wound 
healed px’ompth-. There was no tuberculosis found an 3 uvhere else in 
the body. 
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In 1929, Jones^- reported a man 64- years of age, who liad a tumor 
the size of a walnut in the region of tlie istlimus. There were no symp- 
toms of hyperthyroidism. A thyroidectomy was done and the tumor 
was found to be an abscess, the pus of which contained tubercle bacilli 
on guinea pig inoculation. Tlie wound did not lieal and ultraviolet 
radiation was used. The patient did not return for follow-up observa- 
tions. 

A patient of 26 years, with ])ulmonary tuberculosis and all the sjunp- 
toms of a toxic goiter, was operated upon by Keynes in 1938.^^ The 
right th}Toid contained an absce.ss and the pus on smear was positive 
for acid-fast bacilli. The abseo.ss wall showed tuberculous gi'anulation 
tissue. The patient made an uneventful recovery from the thyroidec- 
tomy. 

In 1941, two cases of abscesses of the thyroid gland were reported by 
Hare and Simpson^^ from the Lahey Clinic. A woman of 65 years had 
a swelling of the left lohe of the thyroid which on incision drained pus 
containing gi-am-positive cocci but no growth on culture. The wound 
healed with difhculty and x-ray was used, with healing of the wound 
in eleven months. The second patient was a woman 30 years of age. 
There was swelling in the region of the isthmus. No toxic symptoms 
were present. Pus was drained from an abscess cavity, the wall of 
which consisted of tuberculous granulation tissue. No acid-fast bacilli 
were demonstrated. X-ray treatment was used to aid in the healing of 
the wound, sinuses persisting for eight months. 

authors’ case report 

M. J. (No. 424006), a 21-year-ol(l Xegro student nurse, n-as admitted to the 
Starling-Loving University Hospital, June 14, 1942, complaining of a painful swell- 
ing in her neck and of aftemoon fever. Four ]nDnths prior to admission she de- 
veloped a small swelling on the light side of the nock which gradually increased 
in size and was associated with difficulty in swallowing. In March, 1942, routine 
x-ray examination had shown what was interpreted as an early tuberculous lesion of 
the left lung and the patient was advised to discontinue her activity and go on 
absolute bed rest. She had slight aftemoon temperature elevation, but no other 
srrmptoms referable to the chest. There had been no cough and no weight loss. There 
was no family history of tuberculosis. 

The patient was a n ell-developed Hegro woman. The pulse on admission was 
96, with a temperature of 99.4° F. The blood pressure was 13S/SG mm. There was 
no lymphadenopathy. There was a round, fluctuant enlargement of the lower por- 
tion of the right thyroid lobe, while the istlunus and loft lobes were normal in 
size and consistency. The cystic swelling of the thyroid did not transilluminate 
and it was freely movable, not attached to the skin or muscles. Examination of the 
chest revealed normal breath sounds and the heart was not enlarged. 

The red blood count was o,S60,000, with a hemoglobin of 11.5 Gm. The wliite 
blood comit was 6,200, with 78 per cent neutrophiles, IS per cent Ijmiphocytes, 3 
per cent monocytes, and 2 per cent eosinoiihiles. The sedimentation rate was 2.0 
mm. per minute. The basal metabolic rate was minus 21 per cent and the blood 
iodine 5.1 microgi’ams per cent. X-ray films of the chest showed an area of in- 
creased density in the second interspace on the left side, which had all the ap- 
pearance of a minimal tuberculous lesion. There was no excavation. The trachea 
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just below tlie larynx was deviatocl to llie left. I’lie iii'inc was normal. Sputum 
examination, did not demonstrate aeid-fast liacilli. 

A diagnosis of lioiuorrhagic cyst of the tliyroid and pulmonary tuberculosis, 
minimal, apparently active, was made. Using cyclopropane and oxygen anesthesia, 
the thyroid was exposed through a low collar incision. 'J’lic left lobe and isthmus 
of the thyroid were normal in size .and appearance. The upper portion of the 
right lobe was normal while the lower jiortion was adherent to the adjacent struc- 
tures, and in trying to mobilize it the capsule was broken into with the escape of 
a considerable amount of greenish-gray thick pus. Exploration with the finger 
revealed a large cavity with ragged wall which had lojjlaccd the lower portion of 
the left lobe of the thyroid. The wound was closed with drainage. The pus was 
sterile on usual culture and no orgimisms were seen. Guinea i)ig inoculation was 
done. The guinea pig died six weeks later of tuberculosis, acid-fast rods being 
found in the spleen, liver, and site of injection. 

The wound did not heal and the patient was discharged to her home on absolute 
bed rest. Dr. Ralph Holmes of Cliillicothe, Ohio, gave her eight x-ray treatments 
of 100 r. each at three-day intervals, to aid in the healing of the wound. Exam- 
ination Nov. 11, 1942, revealed that the wound was closed, and x-ray examination 
of the chest showed the tuberculous lesion to be smaller. The patient was allowed 
gradual increase in her activity and when last examined, the lesion in her lungs 
had disai)peared except for a small area of fibrosis in the second interspace. The 
patient returned to work in December, 1943, at which time there was no evidence 
of activity in her lungs. The basal metiibolism, Feb. 1, 1944, was minus 10 and 
x-ray e.xamination of the chest was reported as being normal. 

DISCUS.SION 

Our case and the majority of those collected from the literature 
present the criteria necessary for the absolute diagnosis of tubei’culosis 
of the thyroid gland, as advocated by Seed.-® He states that a diagnosis 
of tuberculosis of the thyroid gland can he made with certainty only 
when tubercle bacilli are found, ivhen tliere is definite necrosis or abscess 
formation, and when there is an etiologic focus in the body outside 
the thyroid gland. In the seventeen cases presented in this report, 
Inberele bacilli were demonstrated in seven. In Pollag’s two eases the 
tubercle bacilli were found on direct smear, while v.Schiller and Keynes 
obtained positive enltnres. Schwartz, Jones, and we demonstrated the 
acid-fast baciUi by guinea pig inoculation. In the other ten cases, 
the tubercle bacilli were not demonstrated; however, there is no report 
of an attempt having been made to find the bacilli. Apparently no 
smear was made, nor was tliere guinea pig inoculation or culture. How- 
ever, the appearance of the pns and the absence of' other organisms, 
with the histologic appearance of tlie removed tissue, was assumed 
sufficient proof to make a diagnosis of tuberculous abscess of the thyroid 
gland. 

Four patients with tnhoreulous abscess of the thyroid gland also had 
tuberculosis of the lungs, which in all iirobahility was the sonree of 
the infection, which, however, was not of sufficient severity to cau.se 
dentil. Only two of these patients, the one reiiortcd by Keynas and onr 
case, were receiving treatment for the pulmonary tuberculosis. Four 
patient.s had tuberculoii.s osteomyelitis and oC these one died of miliary 
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tuberculosis several months after the drainage of the tliyroid al)scess.- 
Corner’s patient had cervical lymphadenopalhy and died seven months 
later of tuberculous meningitis and miliary tuberculosis. No other 
foci of tuberculous infection wore demonstrated in eight of the re-- 
ported cases. Since routine x-ray examination of the chest was not 
used and no tuberculin test was made, these patients may be assumed 
to have had a primary focus which was not fomid on routine examina- 
tion. 

The treatment of tuberculous abscess of the thyroid consisted of 
incision and drainage in thirteen of the cases; one absce.ss ruptured and 
drained spontaneously, while a thyroidectomy was done in two cases. 
In the largest number of patients the wound healing was characterized 
by delayed wound healing and sinus formation lasting up to one j'-ear. 
Ultraviolet radiation was used by Jones and x-ray treatment by Hare 
and Simpson and us in an attempt to accelerate delayed Avound healing. 
In six patients the wound healed by primary intention. 

Definite goiter Avas present in three patients, one of Avhich Avas toxic. 
The latter had a thyroidectomy Avith recovery. The amount of thyroid 
tissue destroyed by the tuberculous infection Avas not sufficient in these 
patients to cause postoperathm hjTJothyroidism. 

SUMMARY 

A case of tuberculous abscess of the thyroid gland is reported, to- 
gether Avith a brief outline of sixteen cases selected from the literature. 
Tuberculous abscess of the thyroid AA’as equally distributed betAA^een males 
and iemales, aA\d t\\a ages varied from. I to 14 years. Three patients 
had definite goiters, of Avhich one presented toxic symptoms. The clini- 
cal picture of tuberculous abscess Avas that of a cystic sAvelling of the 
thyroid gland of several months’ duration, AAdiich on incision Avas found 
to contain thick pus, positive for acid-fast bacilli on smear, culture, or 
guinea pig inoculation. The tissue remoA^ed shoAved tuberculous granu- 
lation. There Avas delayed healing of the Avound in the majority of 
cases. In no patient Avas postoperative myxedema demonstrated. A 
focus of tuberculous infection outside the thyroid gland Avas demon- 
strated in nine patients. Tavo patients died of miliary tuberculosis, 
Avhile the others made uneventful recoveries. 
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INTEASTERNAL INFUSIONS AND TRANSFUSIONS 

C. Reich, M.D., 11 . Y. Swiksky, M.D., and E. Hunter, R.N. 

New York, N. Y. 

(From ihc City Hospital) 

I N j\IILITARY and chnlian medicine the treatment of slioek is of para- 
mount importance. AVlietlier the condition is brought about by 
wounds, hemorrhage, or burns, tlie immediate physiologic results are the 
same, and there is an urgent need for the pai’cnteral adminisfralion of 
fluids. The.se fluids can usually be given by vein, but in some instances 
the veins are collap.sed, thrombo.sed, or absent, or the vein areas are 
obliterated by wounds or Imrns. 

The bone maiTow offers a ready channel for the administration of 
fluids in these eases, as first described by Tocantins.' 

The present report is a study of the administration of various fluid 
mediums through the sternal marrow. The woi'k was done on routine 
patients in the general wards of a large city hospital. 

The technique of sternal puncture and infusion is veiy simple. The 
needle used is IVi hich, 16 gauge Luer type with a stylet. The site of 
puncture is anywhere in the midline of the sternum but preferably in 
the region of the second or third interspaces. 

A small spot of iodine is painted over the puncture site, novocain is 
injected into the skin, subcutaneous tissues, and periosteum, and the 
sternal needle is tapped into the marrow cavity by means of a small 
mallet. The mallet technique is superior to pushing the needle because 
perfect control is exercised and the danger of perforating the sternum 
and injuring the heart and great vessels is eliminated. 

The stylet is removed and suction applied with a 10 c.c. sju'inge. 
Aspiration of bloody fluid proves whether the needle is in the marrow 
cavity. The infusion is then begun in the usual way. 

Our series consists of thirty-five infusions of all types of fluids. The 
experimental data are given in Table I. 

As seen from Table I, all fluids except blood ran in easily. That in- 
cludes saline, glucose, sulfonamide drugs, insulin, serum, and plasma. 
Difficulties were encountered with blood and that in varying dilutions. 
This is hard to explain except on the basis of the size of the particulate 
matter in the blood in relation to the histologic structure of the marrow. 

The internal structure of the sternum consists of spongj' bone in which 
there are masses of cells traversed by thin-walled sinuses. 

At sternal puncture the needle is driven through the outer body plate 
into the cellular mass in the interior of the sternum. It is plain to see 
how fluids not containing particular matter could traverse the cell 
masses and get into the capillaries much more easily than fluids con- 
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PIAGNOSIS 


SOLUTION 


1 77 M 

2 8G M 

3 63 M 


Virus pneu- 
monia 
Virus pneu- 
monia 

Myelogenous 
ieucemia & 
mrus pneu- 


5 % Dextrose in 
saline 

5 % Dextrose in 
saline 

Vliolc blood 
citrated 


2000 c.c. ran in well in 4 hr. 

1 000 c.c, ran in well in 2 hr. 

Unsuccessful; sternal needle in- 
serted, marrow withdraws eas- 
ily but solution would not run 


4 

70 

F 

moma 

Gastric car- 

5 % Gluco.se in 

\n 

3000 c.c, ran in well in 7 hr. 

5 

71 

F 

cinoma 
Carcinoma of 

saline 

Whole blood 

Unsuccessful; would not run in 

6 

73 

F 

head of 
pancreas 
Carcinoma of 

citrated 

6 % Glucose in 

by gravity; 100 c.c. given by 
syringes with difficulty 

4000 c.c. ran in easily in 10 hr. 

7 

65 

F 

stomach 
Diabetes mel- 

saline 

5% Glweoac in. 

2000 c.c. raw iw easily 

S 

80 

F 

litus 

Carcinoma of 

saline 

5 % Glucose in 

2000 c.c. ran in easily 

9 

65 

F 

stomach 
Diabetes mel- 

saline 

5% Glucose in 

3000 c.c. ran in easily 

10 

73 

F 

litus & 
hemiplegia 
Metastatic 

saline 

5% Glucose in 

3000 c.c. ran in easily 

11 

73 

F 

carcinoma 
Carcinoma of 

saline 

5 % Glucose in 

3000 c.c. ran in ea.sily 


stomach 


saline; sulfa- 
thiazole, 5 
Gm.; nicotinic 
acid, 100 mg.; 
Vit. B, 50 
mg.; Vit. C, 
200 mg. 


12 

73 

F 

Metastatic 
carcinoma 
of stomach 

— 

5 % Glucose in 
saline 

2000 c.c. ran in easily 

13 

59 

M 

Carcinoma of 
rectum 

5 % Glucose in 
saline 

2000 c.c. ran in easily 

14 

43 

M 

Carcinoma of 
rectum 

Saline, 100 c.c, ; 
whole blood 

Saline ran in well; blood added, 
infusion stopped ; needle 


citrated, 23 c.c. 


Saline 100 c.c.; 
citrated blood 
100 c.c. 

5% Dextrose in 
.saline 


15 

43 

F 

Shoclv, temp. 
107° F. 

5% Glucose in 
distilled water 
plus Hart- 
man’s solution 

16 

40 

F 

Anemia 

Whole blood 
citrated 

17 

44 

F 

Anemia 

Saline, whole 
blood citrated 


washed out with saline, tried 
everytiiing to get running 
again: unsuccessful 

Needle reinserted 4 hr. later; 
hlood diluted 50:50 with sa- 
line; ran in with great diffi- 
culty 

3000 c.c. ran in well through 
some needle following unsuc- 
cessful administration of blood 

1000 c.c. ran in slowly except 
when respirations were deep 
and even, then it ran in quite 
rapidly 

100 c.c. saline ran in; stopped 
when blood was added; unsuc- 
cessful 

100 c.c. saline ran in well; 
stopped when blood was add- 
od;_ injected some with 
syringes with great difficulty 
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Table I — Gont’d 


PUNC- 

TURE 

NUM- 

BER 

AGE 

SEX 

DIAGNOSIS 

SOLUTION 

REALUIKS 

IS 

70 

]M 

Anemia, 20% 
Hb. 

Saline with 
whole blood 
citratcd 

100 c.c. saline ran in then 
stopped when blood was added 

19 

70 

M 

.‘\jiemia 

Wliole blood 
citratcd 

Tried to inject forcibly with 
syringes; had to discontinue 

20 

30 

M 

Anemia 

5% Glucose in 
saline 

1000 c.c. ran in slowly 

21 

73 

F 

Carcinoma of 
esophagus 

5% Glucose in 
saline 

4000 c.c. ran in ver^- well 

22 

04 

F 

Uremia 

5% Glucose in 
saline; Sod. 
sulfathiazolc, 

7 Gm. 

2000 c.c. ran in very well 

23 

73 

F 

Carcinoma of 
esophagus 

5% Glucose in 
saline 

3000 c.c. ran in very well 

24 

04 

F 

Pneumococ- 
cus menin- 
gitis 

0% Glucose in 
saline; sulfa- 
diazine, 2 

3000 c.c. ran in very well 


Gm,; anti- 
pneumonia 
serum, 100,000 


2o 

32 

F 

Postoperative 

shock 

Saline and whole 
citrated blood 

500 c.c. saline ran in well; 100 
c.c. blood ran in slowly, then 
stopped 

3000 c.c. ran in very well 

26 

64 

F 

Pneumococ- 
cus menin- 
gitis 

5% Glucose in 
saline 

27 

38 

F 

Pneumonia 

IVhole blood 
citrated 

Diluted 50:50 with saline; ran 
in too slowly, discontinued 

28 

70 

F 

Carcinoma of 
stomach 

MHiole blood 
citrated 

100 c.c. forced in with syringes; 
discontinued as unsuccessful 

29 

60 

F 

Diverticulitis 
of colon 

5% Glucose in 
saline 

2000 c.c. ran in very well 

30 

60 

F 

Hemorrhage 

Whole blood 
citrated 

50 c.c. forced in with syringes; 
discontinued 

31 

72 

M 

Malnutrition, 

hypopro- 

teinemia 

Plasma 

Ban in very well 

32 

48 

M 

Cirrhosis of 
liver 

Plasma 

Ban in very well 

33 

49 

M 

Nephrotic 

syndrome 

Plasma 

Ban in very well 

34 

75 

F 

Anemia 

malignancy 

Plasma 

Ban in very well 

35 

62 

F 

Postoperative 

shock 

Plasma 

Ban in very well 


taming cells, which would he caught by the sticky masses of primitive 
cells in the marrow and cause a blockage. 

To prove that this was the case, saline was run into the stermun after 
the blood blockage had occurred, and it went in easily. To show that 
there was nothing wrong with the blood which would not go into the 
stermun, it was run into the same patient’s vein. 

In spite of the disappointment -with blood, the sternal route of ad- 
ministering fluids and plasma is very satisfactorj'. 
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An interesting variation o£ technique has been developed in patients 
who have collapsed veins and need blood in addition to fluids. In these 
cases the fluids are first given by sternum until the circulation volume is 
increased to such a point that the veins again stand out. The blood 
transfusion is then given through the veins. 


CONCLUSIONS 

1. Intrasternal infusions of saline, glucose, and plasma are practical. 

2. Intrasternal transfusions of blood were unsuccessful. 

3. The sternal route is of great value in the treatment of shock. 

The authors wish to thank Dr. T. Price, superintendent of City Hospital, for his 
cooperation in carryine: out this work. 
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TRENCH FOOT 


jMajob Frank K. Boland, Jk.,*^ Major Thomas S. Claibornk,*' and 
Lieutenant Colonel Francis P. Parker,® ]\ri':DiCAi. Corps, 

Army of the United States 

D uring the past winter many of our soldiei’s suffered from trench 
foot, a condition manifested hy pain and swelling of the feet fol- 
loiring exposure of tlic parts to wet and cold, usually in a trench or 
foxhole. The observations that follow are based on the study of 125 
of these patients at a general hospital. 

Trench foot, frostbite, immersion foot, shelter foot, and chilblain are 
closely related.’ The main diflerencc among these conditions 'is the 
manner of occurrence. The majority of our jiatients were suffering 
from trench foot, but there were two witli immersion foot. The signs, 
symptoms, and course of the latter could not be distinguished from 
those of the patients with trench foot. 

predisposing factors 

One or any combination of several factors seemed to produce the 
same signs and symptoms. The.se factors are as follows: 

1. Wet and cold . — These men were exposed to the cold and wet of 
Italy. The average time of continuous exposure before reporting to 
sick call was eleven days. The extremes ivere two and forty days. The 
patients did not know exaetlj’’ the temperature of the weather but they 
agreed that it was not extremely cold. They thought that the ther- 
mometer remained well above freezing during the day but there was 
some ice formation at night. Greene- has noted that trench foot was 
less common at extremeli' low temperatures than when the temperature 
was a little above freezing and the gi'ound wet and muddy. Similarly, 
dry cold weather is better tolerated than is moist cold. Eight degrees 
Fahrenheit or lower is necessaiy to produce severe frostbite. 

2. Dependent Position of Feet and Circulatory Stasis. — j\Iost of these 
soldiers were in foxholes for long iieriods at a time, consequently their 
feet were in a dependent position day and night. Greene- has observed 
that people who developed the condition Imown as shelter foot, char- 
acterized by swelling of the feet, spent days and nights in the air raid 
shelters of London. During this time their feet were in the dependent 
position almost constantly and pressure was exerted on the popliteal 
fossae. Pressure might be an etiologic factor, as was suggested by the 
observation that those who sat with one leg crossed over the other 
developed swelling in the lower leg. A similar observation was made 
by us in some of our patients who had the disease worse in one foot 
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than in the other. One reason that we could offei', in most cases, to 
explain this was tlieir statement as to the po.'iition tlic}" assumed in 
the foxhole. 

3. Ghmge of Socles.— A better idea of continuous exposure is offered 
by the fact that the average time these patients went without changing 
their socks was seven days. The extremes were one and twenty-five 
days. The men said their socks were usually wet. All the patients 
were wearing light or heavy wool socks during the time of their exposure. 
Thirty per cent of the patients Avore either combat shoes or galoshes. 

4. Previous Attacks. — In this gi'oup of patients 8 per cent had had 
previous attacks of frostbite or ti-eneh foot, but in only three had these 
occurred during World War II. Tlie others had had trouble five to 
fifteen years previously. Only one of these recurrent eases was severe. 

5. Previous Foot Injury. — Eleven per cent had had previous foot 
injury but only in tAvo patients AA’as tJiis factor thought significant. 
One of these developed gangrene in one foot (one year before, he had 
broken that foot and it still became sAvollen after long AA'alks) but had 
no trouble AAuth the other foot. The second patient Avas tlie only soldier 
in his eompauj^ affected. He stated that the others had the same expo- 
sure. Tavo years previousl}" he had had crushing injuries to both feet. 

6. Ringivorm Infection. — Fifteen ijer cent had epidermophytosis of 
their feet recently. Tliese figwres are about the usual incidence for 
all soldiers. 

7. General Condition. — Seventy-five per cent of the patients Avere in 
good or excellent general condition Avhen seen by us. The others Avere 
in fair condition as evidenced by their statements of an average loss 
of only ten pounds of Aveight since the beginning of exposure. We 
Avere xinable to determine the presence of anj’ specific vitamin deficiency. 
KajApert^ thinkstyhere is a relationship betAveen Autamin B deficiency 
and the development of frostbite but Stephenson and co-Avorkers^ dis- 
agree. He notes that tlie sAA'elling associated Avith A'itamin deficiencies 
is usually not accompanied by pain, AA'hich .symptom is the most common 
complaint of sufferers AAuth trench foot. 

SIGNS AND SYMPTOMS 

The symptoms are aa’cII knoAA’ii. After exposure to Avet and cold for 
a period varying from a feii' hours to several daj's, the man complains 
of painful and SAVollen feet. Pain A\'as often the first symptom, but 
in many eases sv'elling of the feet and inability to get the shoes on 
after a change of socks Avas noted. Indeed, 8 per cent of the patients 
did not ImoAA' they had trench foot until they Avere sent to an aid 
station for a Avound or sickne.ss. After becoming Avarm their feet 
became swollen and painful. 

Other symptoms Avere numbness and burning. lilost patients com- 
plained of hot feet and Avould ask that all covering be remoA-ed from 
their feet. A trench foot AA’ard presents an unusual sight in Jaiuiaiy. 
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The feet of all patients are protruding from neatly turned back covers. 
Only 15 per cent stated that at no time during the course of their 
disease did they feel better witli tlicir feet in the cool air. 

Sweating and coldness were late symptoms which did not appear 
during the early part of the disease. At least three of the patients 
who were returned to duty complained of no late sjTuptoms except 
profuse sweating of the feet. 

All of the patients gave a history of having had swelling of the feet 
at some time during the finst part of their illness. Sixty per cent had 
edema which persisted for moi'c than tliree weeks. Some degree of 
pinking or eeclijmiosis accompanied this edema in most instanees. 

In 25 per cent of all the patients, pulsation in the dorsal pedal artery, 
posterior tihial arterj", or both was absent. We Avere unable to deter- 
mine a relationship between such finding and the severity of the disease, 
although tlie pulsations did seem stronger in the hot feet and Aveaker 
in the cold feet. Pulsations of these vessels are not ahvays palpable 
in normal feet. 

Most of our patients Avere seen one to tAvo Aveeks after the beginning 
of hospitalization, therefore in many inslances Ihe first formation of 
blisters could not be observed. Wlien these Avei’e present on ai’rival 
in this hospital, the vesicles contained either a clear or a sanguineous 
fluid and Avere similar in appearance to the descriptions of those occur- 
ring in high altitudes frostbite as given by Davis and others.® 

In 9 per cent of our patients the degree of vesiculation Avas severe 
and in these cases the outcome Avas Iflce that described by Davis and 
associates.® The skin dried, turned black, and dropped off, sometimes 
en masse. The affected toes Avere finally covered Avith thin, smooth, 
shiny, tender skin. 

Six per cent of the patients developed a tj'^pe of dry reaction Avhich 
Avas similar to that seen in high altitude fliers. The tissues Avere shriv- 
eled, desiccated, and black. The affected part of the toe or toes Avould 
drop off, usually Avithin six to eight Aveeks. Those patients Avho pre- 
sented vesicle formation and persistent SAvelling of the feet and Avhose 
temperature varied frequently seemed to suffer more than those avIio 
had loss of toes. 

SKIN TEMPERATURE 

During their hospital stay, readings of skin temperature, usually the 
knee, shin, foot, and toe, Avere taken Avith an accurately calibrated sldn 
thermometer. Often these readings Avere repeated on one or more occa- 
sions. Since it was not feasible to use a constant temperature room, 
an attempt was made to take readings Avhen the room temperature Avas 
betAveen 62 and 70° F. After the legs of the patient had been exposed 
for one-half hour, the usual “normal” temperature on the back of the 
foot varied from 70 to 80° F. and on the ball of the big toe from 60 
to 70° F. 
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The patients of out group were seen usuallj' from one to four weeks 
after the onset of their trouble and at this time the feet with the most 
damage were the warmest. Fi’equcntly tlie temperature of the injured 
foot and toe would he the same, contrary to the normal, and often 
above 85 or 90° F. Palpation of the feet would frequently lead to a 
statement of the relative degree of injury between the two feet because 
of a temperature difference. Where the trench foot was mild in degree, 
the skiti temperature of the feet and toes often dropped to "normal” 
in one or two weeks. Usually the temperature was increased in the 
swollen feet; however, this ■was not true in some cases "with swelling 
three and four months after injury. When damage was severe and 
gangrene of the toes was present, the temperature of the affected foot 
and base of the toes remained elevated almost without exception until 
after separation of dead tissue. 

While skin temperature recordings rvere an aid in judging the con- 
dition and earl}’- course in the disease, ther’- were of little value in the 
late cases in which the patients complained of sensitivity to cold. The 
skin temperature response of five such patients who had moderately 
severe trench foot of from seventeen to forty days’ duration was studied 
simultaneous!}^ with five normal eonti’ols. These men were on beds 
with their legs exposed and were not allowed to move about. Skin 
temperature readings were made eveiy hour for seven houi’s. The 
temperature of the room was 62° F. at tlie start and 68° F. at the end 
of the test period. The temperatures of tlie exposed legs, feet, and 
toes reached their lowest point about three hours after exposure, and 
the curves of the drop in the trench foot cases showed no significant 
valuation fi’om that of the normal. In other words, the response of 
the arterial sympathetics on exposure to temperatures of 62 to 68° F. 
Avas not different in "recovering” trench foot and in normal cases. 
Whether these damaged feet respond differently to loiver temperatures, 
Ave did not observe. 

PATHOLOGIC AND LABORATORY OBSERVATIONS 

In an attempt to find a pathologic basis for the pereistent s}'^mptoms 
in some patients Avithout gangrene, skin biopsies Avere taken from one 
foot in three patients and from both feet in a fourth, about ninety 
days after onset of symptoms. All complained of persistent SAvelling, 
pain on Avalking, and occasional bluish discoloration. Control tissue aa^s 
taken (post mortem) from four patients aaIio had normal feet. All 
tissue Avas removed from the dorsum of the foot and consisted of full 
thiclmess of skin, Avith varying amounts of subcutaneous tissue. Sec- 
tions Avere stained Avith hematoxylin eosin and Avith j\fallor}^’s aniline 
blue stain for collagen. 

As White and Warren® have obserA-ed, the outstanding change in the 
tissues AA^as an increased formation of collagen. This AA'as most marked 
in the papillaiy layer of the dermis and surrounding the small blood 
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vessels in the dermis as a ■whole. The vessels, partienlarly of the papillae, 
■were more numerous and a])])eared dilated, suggesting a more active 
capillary cii’culalion. These vcs.sels showed no evidence of thrombosis 
or constriction by the .surrounding fibrous tissue. There was slight to 
moderate perivascular round-cell infiltration in all sections, which was 
not observed in the control tissues. A small amount of collagen forma- 
tion was present diffusely throughout the dermis, although this layer 
showed no increase in thickness over that seen in the conti'ols. 

The epidermis was essentially normal in all sections. There was no 
significant .smoothing of the I'cte pegs ajid the basal layer did not show 
the irregularity and indistinct aia-angement noted by others. 

Histologic determination of the pre.sence of edema was uncertain. 
In the one patient in whom both feet were biopsied, it was not possible 
to determine by section which was the clinically edematous foot. Both 
feet had been edematous, but at the time of biop.sy only one was swollen. 

There Avas neither significant pathologic change in nerves nor marked 
fibrosis surrounding nerve trunks. The skiji a])pendages were normal 
in number in three sections and slightly decreased in the other two. 
Histologic examination was made on gangrenous tissue removed from 
one patient, but this showed no changes not entirely characteristic of 
any dry gangrene, regardless of cause. 

Sedimentation rates by the 'We.stergroi method and the presence of 
cold agglutinations were determined routinely in most patients. In 
only one patient was the sedimentation rate inei-cased (40 mm.). In 
all others the rates covered a range between 0.5 and 3 mm. per hour. 
Cold agglutination was determined on saline washed red cells at a 
temperature of approximately 5° C. Since the determination of agglu- 
tinin titer AA'as not practical, the results Avere recorded in terms of com- 
pleteness of agglutination, 3 and 4 i)lus being those in Avhich 75 to 100 
per cent of the cells Avere clumped. Keadings on tAventy-tAvo normal 
controls Avere made under the same conditions. Thirteen per cent of 
eighty -four patients AA’ith trench foot and 4.5 per cent of the control 
group shoAA'ed 3 or 4 plus agglutination. If the basis for significant 
agglutination is broadened to include those patients shoAA'ing 50 per 
cent of cells clumped, then 35.6 per cent of patients Avitli trench foot 
and 22.6 per cent of the controls had agglutination of 2 plus or more. 
There was poor correlation betAA'cen these findings and the degree of 
edema in nongangrenous feet, hoAvever, all patients Avho had gangrene 
and on AA'hom determinations were made shoAved positive agglutination. 
The significance of these findings is nevertheless uncertain. 

TREATAIEXT 

The treatment employed in this hospital Avas simple. The patients 
Avere grouped for treatment purposes into mild, moderate, and severe 
types. Those Avith a mild type Avere kept in bed three to fourteen 
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days. The feet were slightly elevated if there was airy pain. A mod- 
ified type Buerger's exercise was begun when the pain and swelling 
had diminished. As soon as possible the patients wiili no signs were 
encouraged to walk, first without shoes and later with their regular 
shoes. AVlien they were able to walk one-half mile and soak their feet 
alternately in hot and cold water without return of symptoms they 
were ready for discharge to duty or to a convalescent hospital, depend- 
ing on the toughness of their feet. 

The same plan was followed with the group of patients who were 
moderately affected. The rest period was longer and the exercise more 
graduated. They were given the same tests before being returned 
to duty. 

All groups were given multivitamin capsules and large doses of 
vitamin B as recommended by Knppert." 

Patients of the first two groups recovered without residual signs and 
sj'mptoms but, as will be seen, it was necessary to hospitalize some 
patients for three months or longer before returning them to duty. 

The treatment of the severe type was juore of a problem. Twenty 
per cent were in this group. Blebs were opened under sterile precau- 
tion and sulfanilamide crystals used freely. Dry dressings were always 
applied. Necrotic tissue was cut off or washed away with saline solu- 
tion at room temperature. The feet with gangrenous areas were treated 
the same way. There was no severe infection in anj- of these patients. 
None had a tempei'ature of more than 100° F. a1 any time during their 
course in the hospital, 

Brambel and Loker’’ have suggested the use of dicoumarin to check 
the spread of gangrene from frostbite. None was used in this sei’ies; 
since Ave have not found the gangrene progressive, we cannot see the 
value of either deeoumarin or heparin. 

The gangrenous parts Avere alloAved to drop off and no skin grafting 
Avas neeessaiy. In tAvo patients it Avas neeessarj’- to cut off the pro- 
truding ends of bones of the toes. None of the patients Avith bleb 
formation receded additional tetanus toxoid or antitoxin. None de- 
veloped tetanus although tetanus has been reported folIoAving frostbite. 

Pain, and in some instances SAvclling, aa'Us relieved by cooling. Usually 
exposxire to the cold air of December and January of North Africa 
Avas sufficient. Davis and otliers® have found that the results obtained 
in the treatment of eases of frostbite at room temperature Avere as 
good or better than tliat of those ti’catcd by continued cooling. Ungley® 
and Greene® have reported good results using a dry refrigerator. Jlost 
Avriters on this subject adA’oeate cooling by one method or anotlier. 
Six of our patient.s Avhosc pain Avas not relieved A\dth ordinary cooling 
Averc improved by the use of ice bags. Tavo patients aa’Iio Avere .seen 
early in our experience Avere intere.sting. They had only slightly 
SAVollcn foot but they complained of severe pain. When they were not 
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relieved of tlieir pain by ordinarj' cooling they -were given buckets of 
ice ■water and allowed to cool their feet. They received immediate 
relief of the pain but after several treatments the feet beeame swollen 
and blue. This form of therapy was discontimied. For those wth 
more intense pain and severe swelling Ave now use dry cold in the form 
of protected ice bags and we have had no increase in the edema since 
the dry cold was used. 

We have had little experience with sympathetic block in the treat- 
ment of this condition. It Avas tried without benefit on three patients 
AA'ith persistent pain and SAvelling of tlie feet. One patient said his 
feet hurt more. Tlie only indications aa'C can see for. sjunpathetie block 
or sjTOpathectomy Avould be, as Pattcrsoid^ has described, for feet that 
remained cold Avith absent pulsations of the large arteries of the feet 
or possiblj" in that group of patients left with an unstable A’asomotor 
system in the feet. IIoAvever, these people feel better AA'hen their feet 
are cold than Avlien they arc hot. We Avould recommend careful study 
before performing a sj^mpatheetomy. 

RESULTS 

Trench foot, even in the milder cases, proved to be disabling. Those 
patients Avho Avere able to return to duty Avere hospitalized for an aver- 
age of sixty -one days, Avith the extremes at 30 and 115 days. Eighty- 
tAvo per cent (counting those Avho Avere referred to a convalescent hos- 
pital) Avere able to return to duty. Eighteen per cent Avere returned 
to the Zone of the Interior. Of this number three had a peculiar con- 
dition manifested by one or more of the folloAving: severe sAvelling, 
sudden changes in the temperature of the feet, pinking or ecchj’mosis, 
pain and tenderness of the feet, and stiff toes sometimes Avith a toe 
drop. For lack of a better term Ave have called this condition chronic 
trench foot, as Theis'- has described a chronic frostbite. 

PROPHYLAXIS 

Prophjdaxis is important and methods for it have been published in 
Army journals.'^ Tlie foUoAving considerations are of sufficient im- 
portance to Avarrant repetition: 

1. The clothing and diet should be adequate. 

2. Socks should be changed frequently. 

3. Feet should be elevated as much as possible. 

4. The feet should be exercised regulai’ly. Greene reports on foot 
drill as emploj^ed in the trenches in 1918. During this exercise each 
man inspected his neighbor’s feet and rubbed them in oil. 

5. Socks and shoes should be remoAmd at the first sign of sAvelling. 

6. If trench foot is suspected tliere should be no rubbing Avith or 
Avithout snoAV. 

7. Sudden warming is dangerous. , 
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SUMMARY AND CONCLUSIONS 

Tlie symptoms, clinical course, and possible etiologic factors in 125 
cases of trencli foot are presented. The patients were studied in a 
general hospital one to four weeks after the onset of their disease. 

In the Italian Campaign this condition caused extensive disability. 
In those patients returned to duty, the average period of hospitalization 
was sixty days. Eighteen per cent required evacuation to the Zone 
of the Interior. 

From observation of this group of patients, it appears that this is 
a condition caused primarily by ischemia due to capillary constriction 
resulting from long exposure to cold. This reaction is intensified by 
wet, stasis, and pressure. The continued ischemia produces varying 
degrees of capillary damage which upon the resumption of active cir- 
culation is manifested by edema and inei’cased heat. In certain eases 
where edema persists, chronic inflammation with diffuse terminal fibrosis 
occurs and in more severe eases nonprogressive dry gangrene develops. 

Simple conservative treatment with encouragement to walk at the 
earliest possible time seems to give the best results. Amputation of 
gangrenous parts was not necessary in any of these eases. 

Prevention is probably hot possible in all eases but education of the 
individual soldier in foot care, and the provision of loose, drj’- footgear 
should minimize the occurrence of this condition. 
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OBSEKVATIONS ON TUB TREATIVIENT OF EIMPYE^MA 
THORACIS AVITH PENICILLIN 

Likutenakt Colonel, Brlvn Blades, Captain Joseph E. Hamilton, and 
Captain David J. Duoan, ]\Iedical Corps, Army of the United States 
(From ihc Thoracic Snrgerij Section and General Surgery Section, ITaltcr Feed 
General Hospital, Vashington, T). C.) 

W HEN the siilfonamicle diTigs became available, the various deriva- 
tives ivere tried, botli locally and systemieally, in the treatment 
of empyema thoracis. Accumulated data on this problem prove that the 
almost universal use of the sulfonamide drugs for pneumonia has re- 
sulted in a marked decrease in the incidence of purulent pleurisy.^'" 
There is equally comdneing evidence, however, that once pus has foimed 
in the pleura neither the general nor tlie local administration of the 
sulfonamide drugs can be relied upon to effect a cure.'* Toxic side ac- 
tions preclude sufficiently large doses of the ding bj" systemic routes to 
influence materially an empyema after it. has formed, and the local 
injections of the various sulfonamide drugs into the pleura have failed 
because their antibacterial action is inhibited when they are mixed with 
pus. 

"With the introduction of ])enicillin, interest has been revived in the 
nonsurgical treatment of empyema. Penicillin not only has a strong 
antibacterial action when given systemieally, but also retains its potency 
in the presence of blood and pus. hloreover, this remarkable agent has 
a proved low toxicity for man and enormous doses can be employed, both 
parenterally and locallj', without dangerous or distressing side effects. 
It appears, therefore, that penicillin is ideal for local injection into an 
empyema cavity, and when combined with systemic treatment a cure 
might be effected without surgical drainage when the infection in the 
pleura is caused by penicillin-vulnerable organisms. This optimistic out- 
look on the treatment of a hitherto surgical condition is substantiated 
by Tillett, Cambier, and IMcCormack,** Avho report eight patients -with 
pneumonoeoccal empyemas treated by intrapleural injections of penicil- 
lin. In seven, the infection Avas eliminated by local therapy Avithout 
surgical drainage; six recovered completely; and one patient Avith pyo- 
pneumothorax has a persistent pneumothorax, but the pyothorax has 
cleared satisfactorily. One patient, Avho in the opinion of these authors 
had insufficient initial treatment, suffered a relapse and required surgical 
drainage. Bennett and Parkes** report four cases. In one, a seropuru- 
lent, sterile effusion complicated a staphylococcal pneumonia. They 
believe this represented an early empyema aborted by sulfonamide ther- 
apy. A single uijection of 20,000 units of calcium penicillin caused the 
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local condition to disappear. Three otlier eases are described, two of 
wliicli had collections of seropnrulcnt fluid in the pleura containing beta 
hemolytic Streptococcus. Two local injections of penicillin caused the 
fluid to become sterile and cures seemed to be accomplished. The 
amount of penicillin given is not recorded. The fourth patient, a baby, 
had a massive Staphylococcus empyema. Systemic and local treatments 
with penicillin were employed and these authors state that after ten 
days of treatment the patient is convalescent and clinical and roentgen 
evidences “indicate that there will be no residual disease of lungs and 
pleura. ’ ’ 

Undoubtedly as penicillin becomes generally available, more success- 
ful, nousurgical cures of empyema will be described. This communica- 
tion includes experiences with twenty-four eases of empyema. Thirteen 
patients received both systemic and local treatments; in five cases, intra- 
pleural injections of penicillin were employed alone; and in six eases, 
only systemic administration of the drug was utilized. A mUeh larger 
series of eases of empyema witli chronic draining sinuses resulting from 
war wounds, which were operated upon with penicillin protection, are 
not included. The problems in this group are entirely different. 

Important data arc summarized in Table I. 

It is evident that there is considerable variation in the amounts of 
penicillin given in each case and when intrapleural injections were 
employed there was no uniformity in the dosages or in the intervals 
between local administrations. The initial treatment in all but four 
eases was begun in other hospitals and the patients were referred to 
the Tlwacic Surgery Section, Walter Reed General Hospital, after the 
acute phase of the disease had subsided. This accounts for the lack of 
a standard therapeutic plan. 

The results from giving systemic injections of penicillin alone are 
summarized in Table II. Intramuscular injections were employed in 
all eases. In one ease. Case 2, Table II, intravenous injections were 
also utilized. 


SYSTEMIC ADMINISTKATIOK OP PENICILLIN 

The results in only six cases are of little statistical value. The clini- 
cal impressions gained by studying this small series, however, are of 
some importance. One patient, case 3, Table II, would probablj’- have 
died if large amounts of penicillin had not been given. It is interesting 
that only one positive culture was obtained from the pus in the empyema 
cavity after penicillin therapy ivas started. Local penicillin was not 
recommended because the fluid became sterile. The pus thickened 
rapidly, however, and required drainage. In this ease, penicillin con- 
trolled a widespread Staphylococcus infection of the lungs. The em- 
pyema was relatively unimportant. In Cases 2, 4, and 5, Table II, the 
cultures of the pus were not altered but serious illnesses were eonverted 
into relatively innocuous ones by controlling the pulmonary lesion. 
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days after pcnicniin therapy completed; pus became sterile 
and very thick 

125 000 350 000 Sulfadiazine Pneumococcus Thoracostomy; Local penicillin given on 3 consecutive days, operation 5 

’ ’ type V cure months later ; after penicillin therapy, pus was sterile on 

culture most of the time; occasional positive cultures 
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Table II 


The Effects of Systemic Administkation of Penicillin in Empyema 


CASE 

units of 
peni- 
cillin 

I organism 

COi^r.'^rE^'T AND RESULT 

1 

670,000 

Hemolytic 
Str. (?) 
in sputum 

Penicillin and sulfadiazine given before an or- 
g.anism was found in pleural fluid; chronic 
sterile empyema requiring radical operation 

2 

1,695,000 

Pneumo- 
coccus 
type I 

Empyema developed while patient iras receiving 
25,000 H. of penicillin at 3-hour intervals 

3 

2,400,000 

Staph. (?) 

Thick pus found; one positive culture showing 
Staph. 

4 

525,000 

Pneumo- 

coccus, 

type 

XIX 

No effect on culture 

5 

720,000 

Hemolytic 

Staph. 

aureus 

No effect on cultures; massive empyema cavity 

6 

040,000 

Nouhe- 

molytic 

Str. 

One culture of nonhemolytic Str., all others 
sterile; fluid turbid but never thick; apparently 
cured without drainage 


The intramuscular administration of penicillin in large amounts will 
apparentl}'' inliibit the growth of bacteria in some infected effusions. 
This occurred in thi'ce of the six cases recorded. It is apparent, how- 
ever, that this will not eliminate the necessity of removing frank pus 
from the pleura when it has formed. It is probable, however, that fre- 
quently pleural exudates which contain polymorphonuclear leucocytes 
and represent potential empyemas will remain sterile and be absorbed as 
a result of systemic penicillin therapy. 

The results in patients treated with only intrapleural injections of 
penicillin are reviewed in Table III. 


Table HI 

The Effects of Eoc.iil Penicillin on Empyema 


CASE 

UNITS OP 1 
PENI- ' 

cillin I 

I ORGANISM 

COMMENT AND RESULT 

1 

460,000 

Hemolytic 

Str. 

Pus became sterile; chronic, sterile empyema re- 
quiring radical operation 

n 

150,000 

Hemolytic 

Str.' 

Pus temporarily sterilized; cure after thoracos- 
tomy 

«v 

o 

100,000 

Beta hemo- 
Ij-tic 

Str. 

Pus became sterile; drainage necessary because 
pus became very thick 

4 

150,000 

Staph. 

aihus 

Pus Ijecainc .sterile on culture; operation neces- 
sary to evacuate thiek pus 

5 

200,000 

Pneumo- 
coccus 
type V 

Pus became sterile; operation to remove thick 
sterile pus 
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IXTRAPLEURAI, PENICII.LIX 

Intrapleural injections of penicillin caused the disappearance of peni- 
cillin-'suilnerable organisms from tlie pus in the empyema cavities of 
every patient so treated. Surgical drainage was pciionned in all of 
the cases in this group because the pus became so thick that removal by 
needle aspiration was difficult. Doubtless if more vigorous and frequent 
efforts had been made at needle aspiration, thoracostomy might have 
been avoided in some of these cases. 

In two patients, the pleura was irrigated with saline solution to thin 
the exudate in an effort to make the aspirations more effectual. In 
both cases the pus was firrally removed by srrrgical drainage. 

All of the five patients wiio were treated vdth local penicillin alone 
had received sulfadiazine during the pnerrmonic stage of the disease. 
Intrapleural injections of penicillin had been started before the patient 
was referred to us. Since their general conditions were good and the 
pneumonias controlled, general admhristration of penicillin was omitted. 
It is our opinion, however, that the sj’stemic administration of the drug 
should accomparry local therapy. 

COMBINED SYSTEMIC AND LOCAL PENICILLIN THERAPY 

The results from the combination of systemic administration and 
intrapleural injections of penicillin are included in Table I, Cases, 1, 
4, 6 to 14, 17, and 18. The obvious advantage of employing both 
routes is that the intramuscular or inti’avenous penicillin treatment is 
probabty more effectual against the suppurative inflammation and 
pneumonic phases of the disease, Avhereas local injections of the drug 
may sterilize quickly the contents of the empyema cavity. 

It is important to emphasize again, before discussing the effects of 
local and sj^stemie penicillin on empyema thoracis, that it is possible 
that in some of our cases in which the pus became sterile, repeated 
thoracenteses may have eliminated the necessity for surgical drainage. 
The reasons for our reluctance to delay operation will become evident 
as the various cases are discussed. 

In ten of thirteen patients treated with both intrapleural and sys- 
temic penicillin, the pleural fluids became sterile. In two patients, eases 
7 and 8, Table I, organisms reappeared. In case 12, Table I, 110,000 
units of penicillin, intrapleurally, on four consecutive days, did not 
cause hemolytic Streptococcus to disappear from the empyema cavity; 
685,000 units of intramuscular penicillin were also given to this patient. 
The fluid in Case 11, Table I, was infected vuth Hemophilus influenzae 
and was not influenced by combined penicillin therapy. It is interest- 
ing that Tillett and his associates^ describe a ease in which thick pus, 
containing Pneumococcus, type XIX, and Hemophilus influenzae be- 
came sterile on culture after the introduction of intrapleural penicillin. 
Fleming’s observations have indicated that Hemophilus influenzae is 
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not susceptible to the antibacterial action of penicillin. Tillett and 
co-workers'* conclude that the high concentration of iienicillin in the 
pleura or perhaps a strain of Hemophilus influenzae unusually suscep- 
tible to penicillin inaj" account for their success. 

Two penicillin cures are included in eases in which the patients I’e- 
ceived both intrapleural and general administration of the drug, and 
one patient developed chronic empyema while on combined therapy. 
These cases are presented later in the discussion. 

The majority of the patients in this group had thick pus in the pleura 
when they were referred to Walter Reed General Hospital. Surgical 
drainage was performed to remove the pus without regard of its tempo- 
rary sterility. In Cases 7, 8, 13, and 17, Table I, the period of hos- 
pitalization was prolonged unnecessarily because evacuation of the pus 
from the pleura was delayed, presumabl}'- because it was stei’ile. 

COMMENT 

Penicillin Cures . — Three patients escaped surgery. These cases de- 
serve detailed consideration. 

Case 4 (Table I).— The patient developed a pleural effusion about 
one week after the onset of pneumonia. Cultures revealed beta Strepto- 
coccus and Staphylococcus alhus. Five intrapleural injections of penicil- 
lin were given over a period of twent 3 ’^-four days. Two initial doses of 
100,000 units were followed bj^ three injections of 40,000 units. The 
fluid removed by a thoracentesis is described as creamy brown. A total 
of 5,525 c.c. of this material was evacuated from the pleura by needle 
aspiration. Tlie patient received intramuscular penicillin from March 
1, 1944, until July 1, 1944. The pus became sterile after the first injec- 
tion of intrapleural penicillin. A gi’and total of 330 intramuscular 
injections of penicillin (8,250,000 units) and eleven thoracenteses is a 
dear price to pay to avoid surgical drainage of an empyema cavitj'. 
Add to this six months of hospitalization and the nonsurgical cure loses 
its attractions (Fig. 1). 

Case 14 (Table I). — The second penicillin cure was accomplished in 
a patient who developed pneumonia ivhich was first treated with sulfa- 
diazine. On the fifth day of the illness, straw-colored fluid containing 
hemolytic Streptococci was aspirated from the chest. Sj^stemie penicil- 
lin was begun and a single injection of 100,000 units of penicillin was 
given intrapleuralljL Tlie fluid remained clear and became sterile. Hos- 
pitalization was not prolonged and penicillin was discontinued as soon 
as the temperature, hemogi’am, etc. remained at normal limits for a week. 

Critical analj’sis of this case indicates that this is not an example of 
an abscess being cured bj' penicillin, but rather it illustrates the value 
of local penicillin therapj’ in aborting an empj'ema. Pus was never 
present in the pleural cavitj^. Failure to make a clear and pi’ecise 
discrimination between an infected serous or serohemorrhagic fluid 
and a true, full.v developed abscess of the pleura accounts for much of 
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the coirCusion in tlie past literature on tlie treatment of empyema. If 
this error is carried into the discussion of the value of penicillin in the 
treatment of empyema thoracis, observations on this phase of the sub- 
ject will be of little value. 

Case 24 (Table I). — The patient had pneumonia which was treated 
with sulfadiazine. After .sulfonamide thera])y the temperature sub- 
sided and improvement continued for ten days, followed by a recur- 
rence of high fever. Fluid was found in the right pleura and 400 
c.c. of cloudy yellow fluid wore removed by tlioracentesis. Cultures re- 
vealed a nonhemolytic Streptococcus. Penicillin by the intramuscular 



A. B. 

Fig. 1. — A, Appeal ance of empyema after tieatniont by repeated aspirations and 
penicillin therapy was started. B, Roentgenogram four months later. The empyema 
seems to be cured by conseiwatlve management. 

route was started the day before the fluid was discovered. A second 
thoracentesis, three days later, revealed sterile, turbid fluid which on 
smear contained 18,000 Avhite blood cells with 100 per cent polymor- 
phonuclear leucocytes. Intramuscular penicillin was continued for ten 
days. The fluid disappeared and the patient is fully recovered. No 
intrapleural penicillin was emplojmd. This probably represents another 
example of the prevention of abscess formation in the pleura (Fig. 2). 

P&mcillin Sterile Chronic Empijemas . — There were three patients with 
chronic, sterile empyemas in the group of twenty -four cases. No new 
clinical spectacle was presented. They were the same gamit, apathetic, 
hungerless individuals characteristic of old-fashioned, neglected em- 
pyemas of prepenicillin days. The chest wall is retracted, atrophy of 
disuse is evidenced in the puny muscles of the thorax, and the mechanical 
problem of cavity obliteration remains to be solved. 
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Case 2 (Table I). — It is safe to conclude that penicillin therapy was 
extremely beneficial in Case 2, The patient developed an empyema com- 
plicated by a large bronchopleural fistula and was treated by closed 
drainage elsewhere before he was transferred to "Walter Reed General 
Hospital. Tliree weeks after the original operation, wide dependent 
drainage was established. The fistula closed and the empyema cavity 
diminished in size. Healing pi'ogressed until the original 1,500 c.c. 
cavity measured 300 c.c. and then remained stationary. Radical surgical 
intervention was necessary to obliterate tliis cavity. The benefits of 
penicillin were confined to the control of a severe streptococcal pneu- 
monia, which could easily have been fatal in the absence of penicillin 
therapy. There Avas probably no effect upon the complicating, purulent 
pleuritis 





1 

Pig. 2 — A, Roentgenogiam ’ 
chest. The fluid -nas infected 
chest sixteen dais later Tivi 
employed The cultures of the fluid 
penicillin 


B 

rge collection of fluid in the right 
Streptococcus jB. Appearance of 
1 sjstemic penicillin therapy were 
sterile without intrapleural injections of 


became 



Case 9 (Table I). — In Case 9, local and systemic penicillm was em- 
ployed. The pus in the empyema cavity became sterile after the first 
intrapleural injection. The operation for the removal of the thick pus 
Avas delayed for four months, presumably because the cultures remained 
sterile. By this time the pleura At'as thickened and tAvo operations vere 
necessary to obliterate the cavity. Taao thousand cubic centimeters of 
pus Avere remoAied at the fii’st operation. Tv-elve thoracenteses had been 
performed during the trial of penicillin therapy A total of 6,175 c.c. 
of fluid Avas aspirated from the chest during this same period (Pig. 3). 

This is another example of caiTAing a good thing too far. 
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Case 19 (Table I). — The patient became ill suddenly and had clinical 
and roentgen evidence of pneumonia. Fluid formed in the pleura, and 
systemic penicillin ■was employed before a culture of the fluid was ob- 
tained. The fluid remained sterile and consequently the true nature of 
the infection uas never established. When the patient was referred to 
us there was a collection of thick, jellylike, sterile material in the plcuia. 
It was impossible to remove it by needle aspix’ation. After careful 
studies to rule out the possibility of tuberculosis as an ctiologic factor, 
the chest was opened and the oi'ganizcd, semiliquid mass was removed. 
The partially collapsed lung was splinted by a heavy layer of fibrous 
tissue, and it was necessary to perfoi^m a decortication operation to 
effect expansion of the lung. 



A V B. 


Fig. 3 — A, Roentgenogram of chest sho-ning large empyema. Surgical drainage 
had been delayed four months because the pus remained sterile after local and 
sjstemic administration of penicillin. B, Appearance of Uie chest after surgical 
drainage to remove thicK sterile pus; note thichened pleura. A second operation was 
necessary several months later to obliterate the cavity completely. 

If vigorous attempts had been made to aspirate the sterile fluid from 
the pleura while it was still thin and the lung had re-expanded, a radical 
operation in this ease would not have been necessary. The principal dif- 
ficulty appears to be that a sterile empyema was erroneousty considered 
as a cured empyema (Fig. 4). 

Pyopneumothorax . — The pyopneumothorax treated by Tillett and co- 
workers,® in wliicli the pyothorax was controlled but the pneumothorax 
persisted, has already been described. It seems unlikely that their pa- 
tient is really cured. Fortunately, the infection responded to penicillin. 
In instances of putrid pyopneumothorax resulting from the rupture of ii 



Fig, 4 . — Af The roentgen appearance of a chronic sterile empyema. JS T»hnfntrrnnii 

operation. C, Photoimpli oftlie put^h^e 
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lung abscess into Ihe pleura, however, Ihcre is not only the ])roblom of 
infection, but the immediate threat to life from altered inti’aplcural 
pressure. 

Case 10 (Table I). — Case 30 furnishes an exam])le of the overen- 
thusiastie use of penicillin. The patient develojicd a pyo]nieumothorax. 
The pleirra contained foul-smelling pus and cultures revealed anaerobic 
hemolytic Sti’eptocoeci. A putrid infection of the pleura was treated by 
intramuscular penicillin, intrapleural penicillin, and .sulfadiazine. Sur- 
gical drainage was delayed for three weelcs (Fig. 5). Even in a mixed 
putrid infection of this type, penicillin may have some beneticijil etfects 
by altering or inhibiting some of the organi.sms growing in .s^'^mbiosis 
with the common anaerobic bacteria usually responsible for neci’otizing 
infections of the lungs. To delay drainacre in this type of case, how- 
ever, in the vain hope that penicillin or any other agent will effect a 
cure, indicates a complete lack of understanding of fundamental surgical 
principles. 



Fiff. D — ^Roentgenogram of pj opncumotliorax lesulUng from the ruptuie of a lung 
abbcess Into the pleura, The pus was putiul and contained anacioblc Streptococci. 
Drainage was delayed three wccKs nhiR local and .s^siemic penicillin thci.apj -was 
tried. 


DLSGUSSIOX 

Before the importance of penicillin in the treatment of empyema can 
be evaluated intelligent!}^, it is apparently necessary first to define em- 
pyema, second to enumerate the criteria for determining when an em- 
pyema is healed, and third to review the recognized fundamental prin- 
ciples of the treatment of empyema of prepenicillin times. 

Definition of Empyema . — Empyema is defined by both Webster and 
Gould,®’ “ as pus in a cavity, especially the pleural cavity. It is appar- 
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ent that serous or vaguely defined fluids should not be considered true 
abscesses of the pleura, and if cures are effected with penicillin they 
may represent aborted empyemas, but should not lie considered as ex- 
amples of nonsurgical cures of a mature aliscess. It seems incredible 
that a sterile empyema could be considered a cured empyema, yet dis- 
astrous procrastination in cases in Avhieh the pleura was filled with 
sterile pus has occurred in several of our cases. 

Graham^ has repeatedly emphasized the importance of distinguishing 
between infected effusions and fully developed abscesses of the pleura, 
in fact, the successful management of suppurative pleurisy depends upon 
this distinction. Premature open drainage of an infected effusion dur- 
ing the formative stage of an empyema exposes the patient to the dangei-s 
of interference with normal intratlioraeic pressure relationships. Con- 
versely, evacuation of thick pus must be performed early enough to pre- 
vent ehronicity. Even when the pus of a pyogenic infection has been 
temporarily sterilized by chemotherapy, the pi-oblem of obliteration of 
an abscess cavity will remain to be solved. If this fundamental prin- 
ciple is accepted, it is essential to establish criteria to determine when 
an empyema cavity is reall}' healed. 

When Is an Empyema Healed? Aa empyema cavity cannot be con- 
sidered cured until the cavity itself is obliterated. There is only one 
thoroughly reliable method to determine this, namely, by actual measure- 
ments of the cavity itself. Eoentgenograms of the chest are helpful but 
experienced radiologists are aware that fairly large amounts of fluid 
ma}’’ not be visible on ordinaiy roentgenographic examinations. For 
example, Eigos^^ has pointed out that in roentgenograms taken in the 
upright position, effusions of less than 400 c.c. are often difficult to 
detect. It is apparent, therefore, that improvement in the roentgeno- 
graphic appearance of the chest following penicillin therapj^ for em- 
pyema does not necessarily constitute positive proof of a cure. Ex- 
perienced surgeons arc fully aware of the possibilities of recurrence of 
an empyema months or even years after the original illness. The term 
“cure” should be used with considerable caution, particularly when 
so-called nonsurgical measures of local injections and aspiration of the 
empyema are employed. In these cases accurate measurements of the 
cavity are impossible to obtain, and clinical and roentgenographic evi- 
dence may be temporarily misleading. 

Fwidamenfal Principles of Treatment of Empyema Thoracis. — ^Dur- 
ing World War I, in connection with the activities of the Empyema Com- 
mission, Graham and BelE- outlined the principles for the treatment of 
empyema. The introduction of the sulfonamide derivatives has in no 
way altered their conclusions. It is important to re-examine these 
principles and to determine whether or not penicillin therapy toII effect 
them. The two most important principles are, first, not to create an 
open pneumothorax during the time pneumonia is present; and second, 
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cause cultures of the fluid in the chest to become sterile. Intrapleural 
injections of penicillin will tcniporai’ily sterilize an empyema cavity in 
the great majority of cases. It is our impression, liowever, that com- 
bined systemic and inirapleural administration is desirable because the 
combined routes effect both the pulmonaiy and pleural lesions. 

Probably penicillin will be extremely effectual in aborting empyema 
formation, but once pus is formed, and continues to form, even if sterile, 
the problem of cavity closure cannot be ignored. If healing is not rapid 
with disappearance of pus when conservative measures are employed, 
it is our opinion that surgical drainage is mandatory. Failure to ob- 
seiwe the fundamental principle of adecpiate drainage of any pyogenic 
empyema, even if the pus is rendered temporarily sterile by penicillin, 
will invite the serious complication of chronicity. This occurred in two 
of twenty -four cases which we have observed. It should again be empha- 
sized that the introduction of penicillin has not altered in any way the 
fundamental principles of treatment of empyema; only the details are 
changed. 

As experiences with penicillin therapy accumulate, the therapeutic 
approaches will become more standardized. Based upon our owm ob- 
servations, a tentative working plan is sugge.sted : 

1. That an injection of intrapleural penicillin be given as soon as 
infected fluid appears in the pleura. It is important that local treat- 
ment be withheld until the organisms in the fluid are identified. This 
precaution will prevent waste of penicillin in infections which do not 
respond to the drug. An initial positive baeteriologic diagnosis will also 
rule out the possibility of a tuberculous effusion or empyema which may 
deserve consideration if no other bacteria are found. 

2. If systemic penicillin has not been employed during the pneumonic 
stage of the disease, it should be combined with the local therapy. It 
might be argued that by the time an empyema becomes evident the 
pneumonic phase of the disease will have subsided and, therefore, 
systemic administration of penicillin would be supeidluous. Florey and 
Cairns^® have emphasized the advantages of combined administration of 
penicillin in severe war Avounds. The chief advantage of the systemic 
route is that the blood Avill contain a bacterial inhibitory substance which 
may control a spreading cellulitis or invasive infection. It is our opinion 
that the same principle is sound in the management of pneumonia com- 
plicated by empyema. This is particularly true in cases of streptococcal 
or staphylococcal empyema. 

3; Probably three injections of 50,000 units of penicillin on alternate 
days are sufficient for local treatment. Before the penicillin is injected 
into the pleura, as much pus or infected fluid as possible should be re- 
moA'^ed by thoracentesis. 

4. If pus continues to form and thicken, surgical drainage should be 
established. A sterile empyema is not a cured empyema, and evacuation 
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of frank pus should not be unduly delayed because organisms cannot be 
found after the penicillin treatment has been started. Our experiences 
confirm the statement included in the report of the Committee on 
Chemotherapeutic and Other Agents, Division of Medical Sciences, Na- 
tional Eeseareh Council, by Keefer and associates,^® namely, that even 
when the pus in an empyema cavity is sterilized by penicillin it often 
becomes so thick that thoracostomy is necessary to furnish adequate 
drainage. 

As an adjuvant to skillful surgery, penicillin has already revolu- 
tionized the management of many surgical diseases of, the thorax. In 
their excellent paper on Major Complications of Penetrating Wonnds 
of the Chest, D ’Abreu, Litchfield, and Hodson” give a brilliant account 
of the value of the mold both as a prophjdaetie and as a therapeutic 
agent. There is every reason to predict that with “penicillin protec- 
tion” the dangers of practically all operations upon the chest will be 
reduced. This communication is not intended to depreciate the value 
of this remarkable agent, but to emphasize that it Avill not afford 
protection from violations of the fundamental pi'inciples of surgery. 
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CO]\rPLICATING FACTORS IN THE SURGICATj I^IANAGEIMENT 

OF VARICOSE VEINS 

With Special Reference to Interruption of Sympathetic 
Nerve Ijipulses as an Adjunct in Treatment 

H. G. Smithy, jM.D., Ch.vrleston, S. C. 

(From the Departments of Sxirgcry of the Medical College of the State of 
South Carolina and the Itopcr Hospital) 

S uccessful results in the treatment of varicose veins of the legs 
depend upon complete obliteration of the principal components of 
the superficial A’enous circulation, the great saphenous system. Elimi- 
nation of such an extensive venous netvork requires I'adical measures 
and it is to he emphasized that be.st results can be obtained only by 
a radical surgical technique. 

Although numerous technical ])rocedures liave been developed through 
the years, only two have survived critical evaluation to the present 
time. The first is higli ligation and division of the great saphenous 
vein combined with retrograde chemical sclerosis of the entire vein 
and its main tributaries. The operative technique of this procedure 
has been described in adequate detaiP'® and needs no further elabora- 
tion except for one technical feature which deserves .special mention. 
Sclerosis of the saphenous vein and its tributaries must be complete. 
Accomplishment of this important detail can be assured by employing 
the segmental sclerosis method of Pratt.^ By this procedure, thorough 
sclerosis of the entire saphenous vein, from ankle to groin, can be 
obtained by passing a ureteral catheter a distance of 40 to 60 cm. down 
the distal venous segment after division of the main trunk at the fossa 
ovalis. The sclerosing agent is injected continuously as the catheter 
is withdrawn slowly upward, thus inducing thrombosis throughout the 
entire venous trunk. The advantage of catheterization is ob^dous: 
the common sclerosing materials act quickly and become rapidly fixed 
at their point of contact with the intiraa, so that retrograde injection 
at the fossa ovalis by needle or cannula results in obliteration of only 
a short segment of vein in the thigh, incomplete effect being exerted 
below the knee. Catheterization need not be confined to the main 
saphenous vein but may be applied to large tributaries as well. Such 
a maneuver involves the use of large quantities of sclerosant, as much 
as 30 c.c. of sodium morrhuate solution being injected into a single 
extremity. 

The second method is the Mayo technique, consisting of the actual 
removal of long venous segments after stripping the varicosities free 
from their subcutaneous attachments. While not widely employed in 
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recent 3 '^ears, it lias been carefnll)’- evaluated lately by Grimson^® in a 
large series of patients ivith gratifying results. 

A bigli percentage of satisfaetoiy results can be achieved by the 
combined ligation-division and massii'e sclerosis method of treatment. 
Certain complicating factors maj'’ be encountered, hoivever, ivhich in- 
terfere with the performance of an ordinarilj" simple operation and 
which may prolong or harass the convalescence. It is these compli- 
cations in the treatment of vaineose veins noth which the ensuing dis- 
cussion is concerned. 



Fig. 1. — The usual anatomic pattern of four saphenous tributaries at the fossa ovalis. 

ANATOmC VARIATIONS 

Anomalies of venous channels are common. From the standpoint 
of the great saphenous vein, three varieties in particular deserve men- 
tion : First the irregularity of relationships of the tributarj^ channels 
at the fossa ovalis, second the occasional occurrence of an abnormallj’^ 
low saphenofemoral junction, and third the presence of tortuosity of 
the vessels. 

Trihidnrics. — ^Normalty, the main saiihenous vein receives four well- 
defined venous trunks at, or very near, its entrance into the deep 
femoral vein (Fig. 1). These branches in most instances join the 
saphenous superficial, or external, to the fossa ovalis and, hence, supei’- 
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ficial, to the fascia lata. Ligation, division, catheterization, and retro- 
grade sclerosis of each individual tributary, as ivell a.s the main saphe- 
nous vein itself, are important technical steps in the prevention of recur- 
rences and can. be done easilj' as long as the normal anatomic pattern 
prevails. Occasionally, however, anomalies of location place certain 
contributary trunks deep within the fossa ovalis itself. Such an ar- 
rangement complicates the operation bj' making tlie abnormal branches 
difficult to visualize to the extent that they may be entirely overlooked 
in the dissection. Case 1 illustrates this problem. 



Fig. 2. — Anomalous anatomic arrangement showing one large tributary entering 
saphenous vein deep to fascia lata (see Case 1). 

CASE REPORTS 

Case 1 (Koper Hospital Ho. 23262). — A 43-year-old Negro woman entered tlie 
hospital in October, 1943, presenting an indolent, fibrotic ulcer on the medial sur- 
face of the lower third of her right leg. Varicose veins were well defined and the 
history revealed that inadequate treatment had been attempted some eight years 
previously. After routine preoperative study by tourniquet tests, ligation-division 
and catheter injection of the saphenous vein were done at the fossa ovalis and 
just above the knee. During the dissection in the region of the saphenofemoral 
junction, it was noted that only two tributaries were demonstrable. After divi- 
sion of the superior margin of the fascial ring constituting the fossa ovalis, an 
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abnormally situated venous trunk ivas seen to enter tlic saphenous vein almost 
flush Tvith the saphenofemoral torcula (Fig. 2), Tliis 'was divided close to its 
point of entrance into the saphenous vein and its distal segment ■nms catheterized 
in the usual manner. Palpation failed to detect the presence of the catheter in 
the upper 15 cm. of the thigh, but below tliis level the catheter could be palpated 
lying immediately beneath the skin. Such a situation indicated that the anomal- 
ous branch, although a part of the varicose saphenous system, -u-as located deep 
to the fascia lata in the upper portion of the thigh, as illustrated in Fig. 2. Liga- 
tion, division, and retrograde sclerosis of the anomalous vessel and the other 
principal superficial trunks resulted in prompt healing of the ulcer. 



Fig-. 3 — AS repi esents routine transverse incision for exposure of sapheno- 
fenioral Junction. CD, SF, and JK represent sites of election for re-exposure of 
saphenous vein when necessitated by obstruction to catheterization (see Case 3). 

Loiv Saphenofemoral Junction . — In the great majority of patients, 
the main saphenous vein enters the femoral vein, via the fossa ovalis, 
about one inch below the inguinal ligament. As illustrated by Case 2, 
an abnormally low junction sometimes occurs. This variation can be 
amioidng to the operator who prefers a transverse incision (Pig. 3), 
but of less significance Avhen a vertical incision is made (Pig. 4) ; in 
either case, the existence of such an anomaly is confusing. 

C.\SE 2 (Roper Hospital No. 20175). — A 26-year-old ■white medical student rvas 
•admitted in June, 1943, because of massive saphenous varicosities of both legs, 
■without pigmentation or ulceration. After preliminary tourniquet studies, each 
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leg ^vas openited upon by the ligation-division and injection technique. Becaii.'-c 
of the tremendous degree of in\ o)\ einent, tuo procedures ivcrc canied out three 
days apart. A tran.sverse incision was made in the left thigh one inch below and 
parallel to the medial one-half of I'oupart’s ligament. The fascia lata vas' c.v- 
posed throughout the entire field, but the saphenous vein could not be located 
after careful search. Thereupon the fascia lata was divided vertically and the 
femoral vein was brought into view. By following this \cssel distally the saphe- 
nous vein was found to enter at a point three and one-halt inches below the level 
of the incision, strong downward rctiaction of the lower edge ot the wound being 
necessary to expose tlie junction, 'i'lie operation was then completed in the rou- 
tine manner. An excellent result was obtained in each leg and the patient sub- 
sequently passed a mrlitarr- phrsical examination with ease. 



Fig^. 4. — Vertical incision foi combined high .saphenous ligation-injection and femoral 
periarterial sj mpathectomy (see Case 7). 


Extreme Tortuosity . — A complicating factor of considerable magni- 
tude is the presence of marked tortuosity and multiple saeculations of 
the main saphenous vein. As previouslj'- stated, complete obliteration 
of the principal components of the saphenous system is the only guar- 
antee of cure of varicose veins. If this is to be accomplished by in- 
jection of sclerosing material, virtually the entire intimal lining of the 
saphenous trunk and its largest tributaries must be subjected to con- 
tact with the thrombosing substance employed. »Such an accomplish- 
ment is rendered difficult by the presence of tortuosity. When injec- 
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tioii by needle or cannula is attempted, the greater intimal surface 
created by the existence of numerous saccular dilatations causes pool- 
ing and fixation of the sclerosing solution in a short high segment of 
vein and prevents dissemination dislally from the point of injection. 
When catheterization is employed for the purpose of segmental sclerosis, 
arrest of the catheter usually occurs in the tortuous channel and its 
downward progress is halted. This difficulty frequently can be over- 
come by reversing the usual technique and re-exi)osing the saphenous 
trunk in the calf or at the knee (Fig. 3). Having done so, the venous 
chanirel is catheterized from belo-w upward and the catlieter usually 
can be made to appear at the point of saphenous division in the groin 
incision. Segmental sclerosis is then accomplished by slow, steady in- 
jection as the catheter is "withdrawn gradually downward along the 
saphenous vein. Any remaining uninjected segments of the main 
A'enous trunk are treated in a similar manner until complete sclerosis 
has been obtained. 

Case 3 (Roper Hospital No. 19046). — A 45-year-old white "tt'ornan "was admitted 
May 31, 1943, for treatment of e.\tensive bilateral varicose veins. After the usual 
preoperative evaluation of her deep venous circulation and arterial status, each 
leg "was treated by the combined ligation-division and injection technique at 
separate operations five days apart. The procedure "was uneventful in the case 
of the .right leg, but tortuosit 5 '' and sacculation of the left main saphenous -were 
pronounced and caused arrest of the catheter 5 cm. from the fossa ovalis. To 
quote from the operative record, “so the latter (great saphenous vein) ivas re- 
exposed b}’" a transverse incision just above the medial condjde of the hnee (Fig. 
3). The catheter was then passed upward from the knee and the entire segment 
of saphenous from femoral junction to knee wa.s injected with 10 c.c. of sodium 
morrhuate. “ The remaining varicosities below the knee were then injected by 
catheterization to the ankle. The patient recovered uneventfully and is now 
judged to be cured. 

COMPLICATIONS AMEN,VBLE TO TREATMENT BY INTERRUPTION OF 
SYMPATHETIC NERVE IMPULSES 

In recent years, the role of the sympathetic nervous system in dis- 
orders of the peripheral circulatory apparatus has received increasing 
attention. Eegarding certain complications of varicose veins, sym- 
pathetic nervous activity is intimately concerned as a part of the path- 
ologic process in three specific instances: (1) vasoconstriction, (2) 
pain of vascular origin, and (3) local hypoxia. Each of the following 
complications is characterized by one or more of these three autonomic 
nervous factors and each can be improved or completely abolished by 
interruption of the regional sympathetic impulses. 

Thromhophlchiiis . — ^In 1940, Ochsner and DeBakey^^ emphasized the 
sti'ong element of vasospasm in the presence of acute inflanimatoiy ob- 
.struction of the deep veins of the lower extremity. It is now generally 
nceeptod that the presence of inflammatory thrombosis, or even peri- 
vascular inflammatory reaction without actual venous obstruction, in- 
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itiates reflex vasoconstrictor impulses which are mediated by tlic sym- 
pathetic nervous system. Keflex impulses of autonomic origin tend to 
be discharged en masse. As a result, the vasoconstriction initiated by 
a femoral thrombophlebitis is widespread in the affected extremity and 
involves veins as well as arteries. Abolition of the vasospasm results 
promptly when novoeaine infiltration of the lumbar ganglionated sym- 
pathetic chain is performed. 

Spontaneous idiopathic thrombophlebitis is common in varicose veins, 
usually involving the main saphenous in its entirety or in either the 
thigh or leg segments. Accompanjnng signs of inflammation are promi- 
nent, consisting of redness along the distribution of the vein, increased 
local heat, and a palpable swelling of the involved segment. Pain is 
variable but is generally present and sometimes may be severe. Edema 
of the extremity may be a feature. In the presence of such a process, 
the methods of treatment of the A'aricositics vary from the usual rou- 
tine procedure. In so far as it is possible, treatment should be di- 
rected toward obliteration of the saphenous tree as well as toward the 
thrombophleliitis. The latter condition presents two problems — pre- 
vention of embolism and control of the painfully disabling inflamma- 
tory process. Both can be accomplished by excision of a two-inch 
segment of the main saphenous vein at its junction with the femoral 
vein and ligation of the divided ends. Kather dramatic relief of pain 
and rapid subsidence of the inflammatory process occur follomng divi- 
sion of the venous trunk, a fact substantiated by 'Welch and Faxon, 
Fine, Fi-ank, and Starr, and Heyerdale and his co-woi-kers.“ The 
mechanism of pain relief is thought to be due to interruption of the 
.sympathetic fibers which pass alongside of the vein, lying in its tunica 
adventitia. This explanation is based upon the frequently observed 
abolition of pain in deep femoral thrombophlebitis after procaine block 
of the lumbar sympathetic ganglia. Actually, sympathetic ganglion 
block is a rational form of treatment of saphenous thrombophlebitis 
inasmuch as it accomplishes both relief of pain and subsidence of the 
inflammatory process. It does not, however, offer full protection 
against proximal propagation of the thrombus and possible embolism. 
For this reason, excision and ligation constitute a preferable method 
of treatment when the deep circulation has been found to be patent 
by clinical and venographic studies. 

When excision-ligation has been chosen as the method of treatment 
of acute saphenous thrombophlebitis, the question arises as to the need 
for simultaneous retrograde sclerosing injection. In the presence of 
involvement of the entire great saphenous trunk by the phlebitis, addi- 
tional inflammatory activity of a chemical sort should be avoided. As 
the original phlebitis subsides following ligation and division, an ex- 
tensive degree of obliteration of the venous channel results from fibrosis. 
When, however, only a portion of the vein is affected by the phlebitis, 
sclerosing injection of the uninvolved segment should be done at the 
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time o£ ligation and division. Store than one incision may be neces- 
sary to isolate the nninvolved segment for catheterization, as occurs 
when only that portion of vein from the saphcnofeinoral junction to the 
Imee is the site of an inflammatory obstruction. Cases 4 and 5 illustrate 
two variations encountered in managing superficial thrombophlebitis. 

Case 4 (Eoper Hospital No. 24127). — A 44-year-old Negro -woman entered tlie 
liospital Nov. 17, 1943, complaining of tenderness, pain, and swelling of the left 
leg. One week previously the patient suffered from chills and fever, during which 
time a small ulcerative lesion appeared above the lateral malleolus of the left 
ankle after a slight injury to that region. On examination, the entire great 
saphenous vein was found to be indurated, hot, and tender to manipulation. 
Inguinal lymph node enlargement was present. The patient was afebrile. Divi- 
sion of the saphenous trunk was done at the fossa ovalis and ligation of the 
divided ends was accomplished without retrograde injection. Twenty-four hours 
after operation there was complete disappearance of both subjective and objec- 
tive discomfort and the phlebitis had subsided satisfactoril 5 ^. The patient was 
discharged forty-eight hours after operation with complete subsidence of the 
phlebitis and entirely free of pain. FoIJow-up observations in the outpatient de- 
partment found her free of demonstrable varicosities. The small ulcer noted on 
admission healed within a week. 

Case 5 (Eoper Hospital No. 23983). — A 59-year-ol(i white woman was admitted 
Nov. 15, 1943, because of a diffuse cellulitis of the lower half of her left leg, 
extending over the proximal portion of the dorsum of the foot. There was pres- 
ent, also, a well-defined acute thrombophlebitis of the great saphenous vein from 
ankle to knee. The vein was hot and extremely tender and was palpable as a 
thickened indurated cord. There was no involvement within the thigh. The pa- 
tient had no history indicating the source of her infection and no portal of entry 
was discovered on physical examination. In view of the rather virulent nature 
of the cellulitis, it was decided to defer ligation-division of the saphenous vein. 
Accordingly, novocaine infiltration of the left lumbar sympathetic ganglia was 
done shortly after admission. One hour later she stated that she was “consider- 
ably relieved" of pain. Seven hours later there was evidence that the cellulitis 
was subsiding and at the end of twenty-four hours it had been reduced to 50 per 
cent of its original extent. The sympathetic block was repeated after thirty-six 
hours and was followed by complete disappearance of the cellulitis. Three days 
after admission, the saphenous vein was barely palpable below the knee, prac- 
tically all induration having subsided. At this time operative treatment was 
carried out as follows: the main saphenous trunk was exposed just above the 
knee and ligation-division completed, thus isolating the lower segment previously 
involved by the phlebitis; retrograde injection was not done. Exposure of the 
saphenofemoral junction was then accomplished and ligation-division again car- 
ried out. In this manner, the thigh segment of vein, which had not been affected 
by the phlebitis, was isolated and subjected to catheterization and segmental 
injection of sclerosing material. Convalescence was uneventful and the patient 
is now considered to be free of demonstrable varicose veins. 

Lymph-angiitis and CcUnlitis . — ^Diffuse reticular Ijunpliangiitis, mani- 
fested by marked hyperemia, brawny induration, increased local heat, 
tenderness, and pitting edema of the involved area, is seen rather often 
in the lower half of the leg in the presence of venous stasis. Fre- 
quentlj* no bacterial portal of entry can be demonstrated or a small 
ulcer may be an associated finding. Acute superficial thrombophlebitis 
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sometimes precedes and accompanies tlie process. In eithei' case, pro- 
caine infiltration of the ipsolateral lumbar sympathetic franglia is of 
great benefit and is followed by rapid resolution of the inllammatory 
process. Case 5 is a typical example of favorable re.sponse to sympa- 
thetic block. The following case represents a diffuse inflammatory 
process of dift’erent etiology, successfully treated by paravertebral no- 
vocaine infiltration. 

Case t! (Eoper Hospital Xo, 17575). — A 5S-yeiir-ol(l white man was admitted 
Peb. 7, 1944, because of bilateral varico.sc veins. A scaly varico.^o ezcoma was 
present over the right ankle and lower leg and showed several weeping areas of 
superficial denudation. After throe days of i)reliminary treatment of the eczema 
bj' wai'm moist dressings, bilateral saphenous ligation and retrograde injection 
were performed; catheters were passed 60 cm. down each vein and 10 c.c. of 5 
per cent sodium morrhuate solution were injected segmentally into each vein. 
The resulting chemical thrombophlebitis was marked and considered satisfactory. 
On the second postoperative daj- the patient presented evidence of an extensive 
spreading cellulitis from ankle to knee of the right leg and complained of much 
pain in the area. The temperature uas elevated to 102° P. A right paraverte- 
bral novocaine infiltration was done at the levels of the first through the fourth 
lumbar vertebrae. Within twenty-four hours, the entire intlammatory reaction had 
subsided and the patient uas free of di.«comfort. Pollow-up studie.s in the outpatient 
department showed healing of the dermatitis to be slow but finally complete. The 
varicose veins were considered cured. 

Farzeose Ulcer . — The underlying factor in the causation and perpetu- 
ation of varicose ulcer is chronic tissue hypoxia incident to venous 
stasis. When of long duration, hypoxia results in tissue fibrosis. The 
presence of fibrosis about an ulcer renders the latter extremely re- 
sistant to cure, even after successful elimination of venous stasis, 
because of the pronounced diminution in vascularity of the fibrous 
tissue. This factor can be combated to a large extent by interruption 
of the sympathetic impulses of the atfected extremity. 

In cases of long-standing, indolent, varicose ulcer, combined sympa- 
thectomy and saphenous ligation-dh’ision are recommended. The ra- 
tionale of combining these procedures is based upon two factors result- 
ing from the vasodilatation produced by sympathectomy: (1) tissue 
oxygen tension is rapidly increased and sustained, and (2) increase in 
phagocytosis and collateral circulation is accomplished. The fii'st fac- 
tor is self-evident while the second has been demonstrated in experi- 
mental observations of “local shock” by Thomson, Helwig, and Sire.^^ 
The increase in vascularity of the extremity, when combined with ob- 
literation of the varicose veins, aids materially in healing the indolent 
types of ulcer. 

Technically, sympathectomy can be performed in one of two ways 
in the lower extremity. Either lumbar ganglionectomy or femoral 
periarterial sjnnpathectomy will eliminate impulses of sympathetic 
nervous origin in the legs. A third method, crushing the mixed pe- 
ripheral nerves, is hardly applicable to leg ulcers because of the exten- 
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sive loss oC motor function incnrred by Ibe operation. Periarterial 
sympatliectomj’- produces only temporary vasodilatation, regeneration 
occurring within a few weelcs. However, its effects seem to be of 
sufficient duration to augment the climiiiation of tissue hypoxia and, 
when combined with the operative cure of varicose veins, to permit 
healing of the ulcer to begin. Once venous stasis has been abolished 
the healing process progresses usually to complete cure. In the event 
of recurrence of the ulcer, the more formidable operation of lumbar 
ganglionectomy deseiwes consideration. 

Case 7 (Ropev Hospital No. 22SS6). — A 41-ycaT-okl vvliite man entered the hos- 
pital Oct. 9, 1943, because of left saphenous varicosities and severe varicose 
eczema. The lower half of the left leg was rod, indurated, and leathery and 
showed a superimposed scaling ulcerative dermatitis. Marked fibrosis was pres- 
ent and, with the patient standing, a suffused cyanotic appearance of the leg 
developed, indicating advanced venous stasis and tissue lij-poxia. After twelve 
days of preliminary treatment of the deimatitis, combined femoral periarterial 
sympathectomj' and saphenous ligation-division and injection were performed 
through a vertical incision (Fig. 4) in Scarpa’s triangle. A ureteral catheter was 
passed distally 20 cm. from the fossa ovalis, and 10 c.c. of 5 per cent sodium mor- 
rhuate solution were injected as the catheter was witlidrawn upward. The main 
saphenous vein was exi^osed again just above the medial condyle of the femur 
and catheterization-injection distally was repeated. The patient developed a very 
satisfactory chemical thrombophlebitis and the skin temperature of the toes be- 
came greater than that of the unaffected e.xtremity. Prompt healing of the ulcer- 
ations and dermatitis and disappearance of the varicose veins resulted. 

Severe Postoperative Vasospasm . — Generalized spasm of the arterioles 
and small veins of an extremity is initiated by an inflammatory process 
Avithin one of the main venous trunks. Experimentally, DeBakey, 
Burch, and Oehsner'“ have shown that a chemical endophlebitis, local- 
ized to a given segment of a large vein, causes vasospasm of sufficient 
severity to reduce greatly the volume of peripheral pulsations in the 
affected limb. They have demonstrated also that the responsible A’aso- 
constrictor impulses, originating in the phlebitic segment, can be abol- 
ished by sympathectomy or by novocaine ganglion block, resulting in 
restoration of the peripheral pulsations to nonnal. 

From a practical standpoint, the clinical counterpart of this phe- 
nomenon should be encountered often in the treatment of Amricose 
A'^eins Avhere large amounts of sodium morrhuate are used. Actually, 
it is rare, but it does occur and may be of alai’niing degree, as illus- 
trated by the folloAving case. 

Case S (Roper Hospital No. 118745). — A 53-year-old white man was operated 
upon Aug. 15, 1941, for e.xtensive A-aricose A-eins of the left leg. The main saphe- 
nous vein Avas exposed at the fossa OA-alis and just above the knee. The distal 
segments and several tributaries at each site of exposure were catheterized and 
injected with a total of 28 c.c. of sodium morrhuate, 5 per cent aqueous solution. 
Shortly after the patient’s return from the operating room, the loAver third of the 
leg and the entire foot became cyanotic and cold, and sensation in the involved 
area was impaired. The dorsalis pedis artery rvas palpable. Normal color was 
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restored by next da}' after keeping the entire left leg in a heat cradle for several 
hours. Sympathetic novocaine block was not done but it is now believed that the 
changes observed in the affected limb were those of severe vasospasm incident 
to the associated chemical phlebitis. 


EDEJIA 

The presence of edema may complicate the general management of 
the patient tvith varicose vein.s during botli the preoperative and post- 
operative periods. As a preoperative accompaniment of varicosities, 
edema is a complicating factor mainly from a diagnostic standpoint. 
It maj’’ be of sufficient degree to mask the presence of varicose veins; 
it may cause a misinterpretation of tourniquet tests by interfering }vith 
emptying of distended superficial veins; and it may be due to deep 
venous obstruction, in which event the presence of varicosities would 
be the result of processes producing the edema rather than the cause. 
Under these circumstances, it seems clear that preoperative evaluation 
of the patient having both varicose veijis and edema is incomplete 
}vithout venographie study of the affected extremity. Tiie routine em- 
ployment of phlebography under the conditions noted clarifies the cir- 
culatory status of the edematous limb and affords a safeguard against 
saphenous ligation in the presence of femoral venous insufficiency. 

The postoperative occurrence of edema in the leg which showed only 
vai'ieosities before operation constitutes a complication of considerable 
magnitude. In the presence of partial obstruction or impairment of 
function of the deep venous system, the sudden obliteration of the 
saphenous tree by ligation-division and sclerosis results in curtailment 
of venous return of sufficient degree to cause edema. Although pre- 
operative tourniquet tests are extremely helpful, they are not specific 
enough to demonstrate suljclinieal degrees of diminished Amnous re- 
turn in the deep circulation. Since such impairment occurs chiefly 
in Avomen past middle life Avho have had multiple pregnancies, careful 
preoperative study of this class of patients is essential and should 
include Amnography. Once postoperathm edema becomes established, 
it persists until recanalization of the deep system has occurred. In- 
crease in collateral circulation and promotion of recanalization can be 
effected by repeated novocaine injections of the lumbar sympathetic 
ganglia. This form of treatment is recommended as of considex-able 
value, as eAudenced by the folloAving case. 

Case 9 (Boper Hospital No. 19046). — A 45-j'eai-old Avhite housewife received 
the usual ligation-diA'ision and sclerosis treatment for bilateral varicose veins in 
May, 1943. A good sclerosis was obtained and the varicosities rapidly disappeared. 
However, progressively, increasing edema of the right leg developed after opera- 
tion and could be controlled only by bed rest. In August, 1943, two paravertebral 
sympathetic ganglion blocks with noA’^ocaine were done twenty-four hours apart. 
Edema subsided quickly and recurred only to a slight degree after seA'eral days of 
activity. It gradually decreased in extent and finally disappeared completely after 
one month. 
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PERSISTENCE OF VARICOSITIES AFTJCR OPERATION 

As previously stated, the objective in the treatment of varicose veins 
is as nearly complete obliteration of the saphenous tree as possible. 
If the ligation-division and injection technique is employed, this can 
be accomplished only by extensive sclerosis which results from the use 
of large quantities of sclerosant introduced by ureteral catheter in a 
segmental manner. The chemical thromboplilebitis which follows in- 
jection of 20 e.e. or more of 5 per cent aqueous solution of sodium 
morrhuate is widespread to the extent of being incapacitating. For 
this reason, hospitalization is advised until the patient’s discomfort 
has diminished. It is believed that the average patient is more willing 
to submit to a few days of hospitalization than to ambulatory opera- 
tive methods involving many office injections after operation. Massive 
sclerosis can be accomplished only by segmental catheter injection and 
should be done only in hospitalized patients. It represents the prin- 
cipal means of materially reducing the number of follow-up office in- 
jections which are both time consuming and disagreeable to the patient. 

The majority of patients with varicose veins need no more than one 
or two postoperative sclerosing injections, so thorough is the oblitera- 
tion obtained by the massive sclerosis method. A few, howevei’, will 
show persistence of several veins which must be dealt with one at a 
time. This is true of individuals having unusual degrees of tortuosity 
or other anatomic variations which interfere with catheterization at 
operation. In order to minimize the number of postoperative visits 
and obtain a maximum degree of sclerosis, injection should be done 
at the lowest level possible with the extremity elevated, as advocated 
by Beilis and Churney.” It was pointed out earlier in this discussion 
that sclerosing agents tend to become fixed very rapidly, especially in 
the presence of a static column of blood. By elevating the leg, the 
veins are emptied and the sclerosant is alloAved to diffuse ovex' a greater 
surface of intima and thus produce more extensive thrombosis. 

REACTIONS TO SCLEROSING AGENTS 

While the ligation-injection ti-eatment of varicose veins has been 
established as a safe and effective method of therapy, undesirable re- 
actions occasionally follow the use of cei’tain sclerosing agents, notably 
sodium morrhuate. Anaphylactoid responses of extremely severe char- 
acter have been reported in a few instances after the use of the latter 
drug.^®'^^ Although the mechanism of the reaction is obscure, it seems 
clear that it is prone to occur upon the resumption of injection treat- 
ment in patients who have remained untreated for several months 
after an initial course of sclerosing therapy, suggesting a sensitization 
phenomenon. As noted hy Prioleau,==” a minor reaction or a lapse of 
time between injections should serve as a waiming to adopt a different 
sclerosing agent if further injection treatment is necessary. By em- 
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ploying the massive sclerosis method of ligation-division and catheter- 
ization at the outset, very few follow-np injections are necessary and 
the dangerous time interval between treatments can be eliminated. 

Severe manife-stations of an unfavorable reaction to sodium mor- 
rhuate are essentially anaphylactic in nature, consisting of angioneu- 
rotic edema, asthmatic dyspnea, and peripheral cireulatoi’y collapse. 
I have not encountered such a response during several years of rou- 
tine use of sodium morrhuate in a representative number of patients. 
Two toxic reactions have occurred, however, one of a mild and ti’an- 
sient nature, the other an exti’emely severe systemic re.sponse of un- 
usual character. 

Case 10 (Roper Hospital Xo. 20175). — A 26-3’ear-ol(l white man was subjected 
to bilateral saphenous ligation-division, multiple venous catheterizations, and mas- 
sive sclerosis with sodium morrhuate in June, 1943. A total of .10 c.c. of the 
sclerosant was injected through the catheters in the two legs. On the second 
postoperative day, 5 c.c. of sodium morrhuate were injected into the right main 
saphenous vein at the ankle and on the .seventh postoperative day, 4 c.c. were 
injected into a varix below the right knee. The left leg did not require further 
injections. The postoperative course was uneventful and the patient left the hos- 
pital showing a satisfactory degree of thrombosis. 

One month later, e.xamination revealed complete disappearance of all varicos- 
ities except for a small patch in the region of the right knee. Accordingb', 5 c.c. 
of sodium morrhuate were injected into the remaining veins with the leg elevated. 
Thirty minutes after the injection, the patient developed a mild headache which 
was accompanied by hemianopsia. IVithin two hours, the reaction had reached 
the peak of its intensity and consisted of severe headache, hemianopsia,' and 
vertigo. The visual disturbance was transient, disappearing and recurring at 
intervals. The entire syndrome subsided within five hours, leaving no ill effects. 

m ^ 

Case 11 (Roper Hospital Xo. 33958). — A C6-j'ear-old white farmer entered the 
hospital in Xovember, 1944, presenting extensive varicose veins of both legs. Ex- 
amination revealed an unusually severe degree of varicosity of each saphenous 
system, sacculation and pooling being marked in both thighs as well as in both 
legs. Scars of previous ulceration were noted about the ankles but no active 
ulcers were present. Trendelenburg and Perthes tests were positive and there 
was no past history suggestive of deep venous obstruction. The patient’s blood 
pressure was 155/100. Total white blood count was 5,950 with normal differential 
picture; red blood count, 4,295,000; hemoglobin, 12 6m. The urinalysis was nor- 
mal and the blood urea nitrogen level was 11 mg. per cent. 

Because of the widespread extent of the varicosities, two operative procedures 
were done three days apart. The left leg was treated first in the routine manner 
by multiple ligations, catheterizations, and injections. The main saphenous vein 
and its principal tributaries were exposed through five separate incisions, and a 
total of 25 c.c. of sodium morrhuate was injected through the catheters. Xo un- 
toward reaction occurred. The immediate postoperative course was satisfactory 
and the resultant widespread chemical thrombophlebitis was considered adequate. 

Operative treatment of the right leg was done after an interval of three days. 
Because of the remarkable nature of the patient's reaction, the procedure is de- 
scribed in some detail. Local infiltration anesthesia of 1 per cent novocaine was 
used. Through a transverse incision over the fossa ovalis CFig. 3), the sapheno- 
femoral junction was exposed. Four tributaries of the great saphenous vein were 
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ligated and divided; none -vvas injected. The paphenoiis vein itscK wis then di- 
vided close to the femoral junction and its ])ro.vima1 stump vas ligated and trans- 
fixed. A two-inch portion of the vein was excised and the distal segment was 
then catheterized with a No. 5 uroternl catheter. The latter was passed down- 
ward a distance of 25 cm. without ohstruction, hut could not he palpated nny- 
where in the subcutaneous tissues of either the thigh or leg. Because of failure 
to demonstrate the catheter within the superficial venous system, it was with- 
drawn withont injection and tlie wound was pached open temporarily with saline 
sponges. A large plexus of veins occupying tlic entire anterior surface of tlic leg 
was next isolated between incisions at the anhle and in the upper portion of the 
calf. Catlietorization and injection were done, using 7 c.c. of sodium morrhuate, 
and the wounds were sutured. There was no reaction. The next step was re- 
exposuTC of the great saphenous vein just above the knee (Pig. 3). After divid- 
ing the vessel, the usual procedure was reversed and the catheter was passed up- 
ward toward the groin. Although no obstruction was encountered, the catheter 
failed to appear at the groin wound and still could not bo palpated in the sub- 
cutaneous tissues of the thigh. It was withdrawn again without injection and 
the divided ends of the vessel were ligated. After closure of the supracondylar 
incision, a final attempt was made to catlieterizc the groat saphenous vein from 
above. Its downward passage was unobstructed but it could not be palpated 
through the skin. Despite failure to demonstrate the location of the catheter 
by palpation, injection of sodium morrhuate was undertaken. 'VYhen the catheter 
had been passed 20 cm. from the fossa ovalis, it was withdrawn slowly upward 
as 5 c.c. of sodium morrhuate were injected through it. Immediately upon com- 
pletion of the injection, a severe systemic reaction occurred. The patient screamed 
out because of intense pain located in tlie midlino of the lumbar area of his back. 
The discomfort developed suddenly and remained confined to its original location 
without radiation. A hard, shaking chill developed and increased the intensity 
of the back pain. One-sixth grain of morphine sulfate was given subcutaneously. 
The patient was removed from the operating table within twelve minutes of the 
onset of the backache, at which time his pulse was 1 60 and blood pressure 160/120. 
Upon reaching his room, he showed signs of mental confusion and the blood pres- 
sure fell to 100/70. lYitbin twenty minutes of the onset, the patient was com- 
pletely disoriented, although conscious, and his blood pressure was 70/40. At this 
time, 750 c.c. of 5 per cent glucose in normal saline solution were given intra- 
venously, followed by a transfusion of 500 c.c, of whole blood. Within three 
hours of the onset, the blood pressure was 100/70, but the patient remained con- 
fused and disoriented, Tire axillary temperature was 103° F. Seven hours after 
the onset, the blood pressure again fell precipitously to 70/50 and the pulse be- 
came weak, rapid, and thready. There was still no loss of consciousness and 
500 c.c. of plasma were given intravenously; the blood pressure gradually re- 
turned to a satisfactory level and was sustained thereafter around 110/75. After 
ten hours, the patient was mentally clear and his backache had subsided. 

During the twenty-four hours after the onset of the reaction, the urinary out- 
put was only 210 c.c., while the combined intravenous and oral intake of fluid 
was 2,330 c.c. The oliguria was transient and a satisfactory output established 
on the first postoperative day was maintained tliereafter. Despite this, the blood 
urea nitrogen level reached 55 mg. per cent, creatinine 3.82 mg. per cent on the 
second postoperative day, and returned to normal only after ten days. Eepeated 
urinalyses showed low specific gravity, 2 plus albumin, 2 to 4 pus cells, 1 to 3 red 
blood cells, and numerous coarse granular casts per higb-power field. 

The patient was discharged from the hospital sixteen days after the second 
operation. At that time, it was thought that an excellent result liad been ob- 
tained, only a few scattered varicose veins remaining. There were apparently 
no serious consequences of the reaction. 
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Comment . — The reaction noted in Case 11 was, in all probability, 
not due to hypersensitivity to sodium morrhuate. This is probably 
true for three reasons. First, the time interval between injections was 
only three days; second, injection of several veins below the knee was 
carried out prior to the thigh injection without a reaction ; third, the 
clinical manifestations were not those of an allergic reaction, that is. 
there was no urticaria, asthmatic dj^spnea, or mucous membrane exu- 
dation. The general systemic response was undoubtedly initiated by 
the injection of the sodium morrhuate into the general circulation bj' 
Avay of the femoral vein. Inasmuch as the catheter could not be pal- 
pated in the subcutaneous tissues, one can assume that it had entered 
the femoral vein through a large communicating vessel. This is espe- 
cially likel}’^ in view of the free, unobstructed progress of the catheter 
as it was passed along the vein. The fact that there was no subse- 
quent evidence of femoral obstruction (due to sclerosis) does not 
mitigate the latter possibility, because sclerosis from sodium mor- 
rhuate occurs only in the presence of venous stasis. If the foregoing 
reasoning is correct, the reaction can be considered as a specific re- 
sponse of the general organism to a large amount of sodium morrhuate 
delivered directly into the systemic circulation. 

SUJIM.AJIY 

1. Eadical surgical treatment of varicose veins by high ligation- 
division, catheterization, and massive segmental sclerosis is recom- 
mended as the method of choice in obtaining a large percentage of 
satisfactory results. 

2. Factors which tend to complicate the treatment of varicose veins 
are discussed and illustrative case reports are presented under the 
headings of anatomic variations, thrombophlebitis, cellulitis, ulcer, 
postoperative vasospasm, edema, persistence of varicosities after oper- 
ation, and reactions to sclerosing agents. 

3. The interruption of sympathetic nerve impulses as an adjunct in 
managing certain complications is discussed. 

4. A case report of an unusually severe reaction to sodium mor- 
rhuate is presented in detail. 
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CLINICAL ^LNATOm" OF THE VERTEBRAL VEINS 

j\Lvrtix Norgore, j\LD., P.A.C.S.,*' Seattle, "Wash. 

T he various explanations offered for the spread of so-called “para- 
doxical metastasis” have, until recentlj”, been unsatisfactory. Fig. 
1 illustrates such a case and shows meta.stasis to the cermcal spine from 
carcinoma of the prostate, witliout x-ray emdence of metastasis to the 
lung. Hoav do such mctastases reach the cervical vertebra through the 
usually accepted avenues of spread? Likewise, metastasis to the spine 
can be found in early carcinoma of the breast without evidence of 
lymph node metastasis. Tlie frequency with which suppurative or 
malignant processes in the thorax produce intracranial lesions is such 
as to point to anatomic structures conveying these organisms or cells 
to the cranium. 

Eveiyone is familiar with the usual mode of spread of infection or 
malignancy. The first is by lymphatics, where the organism or tumor 
cell migrates into the lymphatic channels and is transported to the 
adjacent lymph nodes where it is filtered out. Eventually, if the bac- 
teria or tumor cells reach the thoracic duct, they will finally enter the 
venous circulation which leads directly to the right side of the heart 
and then to the lungs. That such an organism or cell can filter through 
the tissues of the huig, without setting up a local focus in the lungs, 
is highly improbable. Therefore, one would expect to find definite 
evidence of metastasis to the lungs before finding metastasis to other 
parts of the body, svieh as the spine. 

The second mode of distribution of bacteria or tumor cells is by way 
of the veins. In this case, bacteria or tumor cells infiltrate into venous 
chamiels by erosion of the original lesion into such channels. In such 
instances, the spread would be along the same route, namely, into the 
caval system to the right heart and to the lungs. 

Finally, spread of the disease is sometimes carried by the arterial 
system directly. In such cases, the bacteria or cells enter the arterial 
system by erosion of the original lesion into the pulmonary veins, then 
to the left side of the heart to the systemic arterial eirculation. A 
typical example of this is miliary tuberculosis. 

To explain the so-called “paradoxical metastasis” different theories, 
supported in some instances by careful work, have been advanced. One 
is that in some patients there is a patent foramen ovale, and that the 
bacteria or tumor cell finds its way to the left side of the heart through 
the foramen ovale and is then spread by the arterial system. In such 
event, the lodging of the cell or embolus would be purely accidental. 
This theory is traced to the two cases published by Litten,^ 1880, and 
Cohnheim,' 1889. in which the foramen ovale was patent. Since then. 
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this theory has been copied in texlboohs of patliology, and W’cdcnce 
has been given to this theory, although Cohnheim stated that, “the 
locality to Avhieh the detached thrombi are transi)orted is determined by 
anatomical conditions alone.” 

Another tlieorj' is that advocated by WaiTcn, Harris, and Graves^ 
who state: “AYhilc hematogenous metastasis may occur in carcinoma of 
the prostate, the chief factors in the marked preponderance of metastatic 
lesions in the pelvis and in the lower regions of tlic spine arc the dis- 
tribution of the nerves and the condition of tlic tumor cells along the 
perineural -lymphatic spaces, and tlie close contact with the bone.” 
The perineural lymphatic dissemination of the tumor may be either 
by continuity or througli embolism. No doubt local metastasis occurs 
in this manner at times. But these autlmi-s do not attempt to explain 
distant metastasis of the prostate such as shown in Fig. 1. 



Pjs. 1A.— Showing extensive metastasis to the cervical vertebra from carcinoma of the 

prostate. 


A different explanation offered is that tumor cells have affinity for 
certain tissues; thus, carcinoma of the prostate is said to have predilec- 
tion for metastasis to hone and carcinoma of the lung selects brain 
tissue when it is separated from its mother lesion. 

Fmallj^, one theory is based upon careful histologic studies of the 
lungs, where it has been found that tumor cells were present in the 
lungs without having produced sufficiently large metastasis to be de- 
tected by x-ray. This has been found in cases where obvious distant 
metastasis have been demonstrated. It has been prosposed that the 
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tumor cells have been transported into tlie lungs and thence into the left 
side of the heart without producing growth in the lungs. The objection 
to this is that it is highly improbable, as lung tissue is a fertile field 
for the growth of both bacteria and tumor cells. As Batson has pointed 
out, these findings could be explained more readily as terminal events 
and as barfing come from the secondary metastasis. 



Fig. IB Showing no x-ray evidence of metastasis to the lungs. Same case as 

Fig. lA. 

In 1940, Batson^ published his report on the rediscovery of the verte- 
bral system of veins. While it is true, as Harris’’ has pointed out, that 
the vertebral system of veins was described and understood over 100 
years ago, credit should be given Batson for rediscovering this system 
of veins, employing the injection method. Standard textboolfs of anat- 
omy and even Franklin's® A Monograph on Veins, 1937, make no men- 
tion of this system. Forgotten laiowledge is equivalent to no Imowledge. 
Batson’s approach is entirely new and demonstrates more clearly the 
connections between this and other venous systems then could be done 
by dissection. 
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III reviewing the history of the early work on the vertebral system 
of veins, I have drawn freely on the article by Harris.' The early anat- 
omists w^ere familiar with the spinal veins and their connections. Bock'* 
of Leipzig, in 1823, published a work called Darsfcllmg (hr Venen in 
which he demonstrated most completely the rich venous plexuses of the 
inside of the bony spinal canal with dominance of the longitudinal 
anastomoses between the bony canal and the theca of the dura mater. 
Bock also pointed out that the sacral branches of the internal iliac 
veins commxmicate freely with the veins within the spinal canal through 
the anterior spinal foramina. The posterior plexus on the bade of the 
sacritm does the same through the posterior sacral foramina. All tlic 
communications Avith the cranial venous sinuses are given in detail. He 
pictures the transverse anastomosis between the Iavo longitudinal chan- 
nels and describes a “circellus venosus” which is situated on the pos- 
terior aspect of the body of each vertebra. These receive tributaries 
from the marrow cavity of the vertebra. "Willis^® in 1664, 'Winslow^^ 
in 1732, Breschet” in 1832, and Ci'uveilhier^® in 1834, all knew about 
the spinal veins. 

SUJIMARY OP BATSON’S WORK 

In his first experiment, Batson injected the doraal vein of the penis 
with a fairly thick solution of King’s jmllow artist’s Avater color, and 
found that the material entered the smaller veins of the pelvis along 
the prostate, thence to the iliac vein, and into the vena cava. When a 
thin solution of Weber’s artist’s AA'ater color vermilion Avas used, the 
material Avent into the veins of the ileum, then it progressed to the 
spine. Some of the intercostal veins Avere filled, and after he had in- 
jected a total of 200 c.c., the material Avas found at the base of the 
skull and in the cranial cavity. The substance also Avent distally to the 
vessels of the right thigh Avhere it Avas found that these vessels Avere the 
vena vasorum of the femoral vessels. None of the material entered the 
A^ena cava. He then injected the dorsal Amin of the penis of the macacus 
rhesus monkey Avith colloidal thorimn dioxide. The material Avas found 
to go into the pelvic veins and ascend to the infei'ior vena cava. When 
pressure Avas made on the inferior vena cava, the material entered the 
vertebral system of veins as Avell as the vena cava. 

• When the small veins of the female breast Avere injected Avith thm 
solution, it was found that it spread to the clavicles, to the intercostal 
veins, to the head of the humerus, to the cerAUcal vertebra, and to the 
transverse and superior longitudinal sinuses of the skull. It also entered 
the azygos vein and the superior caval system. He then injected the 
small Amins adjacent to the nipple and found that the material spread 
to the tissues immediately adjacent to the point of injection, and some- 
times to the opposite bimast as Avell as more distally to the scapula and 
humerus. 
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Batson’s report offered an anatomic explanation for “paradoxical 
metastasis.” Because of its great interest and practical im])oriancc, 
the experiments have been repeated. The dorsal vein of the penis ^vas 
injected with "Weber’s artist ’.s water color vei’inilion. By taking serial 
x-rays of the body, it was demonstrated that the injected mass flowed 
through veins along the pelvic girdle a.s far distant as the head of the 
femur, along the vertebral column, and finally inside the cranium, with- 
out entering the vena cava. Five cadavers were used, and in four the 
flow was as described; in only one the material entered the vena cava 
and did not proceed ip) the vertebral column. Unfortunately, due to 
lack of suitable material, I was unable to repeat his work on the injec- 
tion of the female breast. 



Pig, 2A,— Showing cannula in dorsal vein of penis. , The material Is shown ascondinE 

Into the vertebral veins. 

UISCUSSIOX 

Once a carcinoma cell or bacterial embolus has been ushered into the 
vertebral system of veins, how can it reach distal structures against the 
usual direction of flow of blood? Thus, how does cancer of the breast 
produce metastasis to the lumbar vertebra or to the ]3roximal end of the 
femur if the tumor cell would have to flow “upstream” as it were? Like- 
wise, how does a bronchogenic carcinoma cell reach the vertebral S3"stem, 
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and from there, how is it transported inside the cranium ajiainst the 
normal flow of venous iflood? Batsoid- stales that reversal of flow in 
the vertebral system of veins docs occur under certain eiroumstanccs 
such as sneezing, coughing, or straining. Tims, when a pcr.son is in the 
upright position, anything that increases the ])rpssuro within the body 
cavities would predispose to reversal of ilow, with gravity. Lilvcwise, 
when in the prone position, reversal of flow to the head would be facili- 
tated. Batson also found that the picssurc in the vertebral system of 
veins is low, considerably lower than in the caval system. Ahso, the 
spinal veins have no valves, a factor which is of groat importance in 
the reversal of flow. On this subject, John Hilton,” 1855, stated : “The 



Pig 25 — Sho^^ing the material ascending- in the doisal and cervical legion -without 
being piesent in the interior vena cava. 

absence of valves in the whole of these venous tubes is a circumstance 
which is doubtless connected with a wise intention. It enables the blood 
to pass in either direction, and consequently, greatly increases the free- 
dom of venous circulation, a point of essential importance with an organ 
whose functional capacity is so liable to interruption under so slight a 
disturbance of the balance of its circulating fluid.” 

lYliat further evidence is there to support I’eversal of flow' of fluids in 
the body? According to Franklin’s® monograph on veins, the snnimai'y 
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of the findings of different workers measuring venous pressures shows 
generally that the pressure in the more distant veins is higher, up to 
plus 11 or 12 mm. of mercuiy, and as the venous blood approaches the 
superior vena cava, it may be minus 2.8 mm. of meremy. It is also 
minus in the external jugular vein. According to the same author, 
Ledderhose,® in 1906, pointed out that there can be a backward w^ave of 
blood in veins vuthout backward movement of blood. Ketrograde move- 
ment of blood is said to occur at the site of the A'enous valves. Naegeli 



Fi^:. 2(7. — Showing matenal in Uie vertebral veins of the cervical region entering the 

cranium. 

and Janker® performed experiments on embolism. Under x-ray, em- 
boli were injected into the femoral vein, passed up the abdominal 
vena cava, stayed for a while near the diaphragm, and then shot along 
the thoracic inferior vena cava to the right auricle. Thereafter they 
often came back again to the diaphragm before going through the heart. 
Franklin® states: “Under pathological conditions of the venous system 
in man, change of posture must at times result in temporaiy reversal of 
flow in veins.” Other workers have noted backward flow of blood in the 
veins. Certain evidence of backward flow of fluids in the body is pres- 
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eiited by Hamilton, Woodbuvy, and ITavpcrd'’ These M'orkci-s experi- 
mented Avitb a monometer o£ their own const ruction, measuring the effect 
in the arterial system of sneezing, coughing and straining. Tlicrc wa.s 
definite, and at times, rather marked increase in the systolic and diastolic 
pressures, sometimes up to 100 mm. of mercury. They also measured the 
intraspinal pressure and found it to rise markedly during coughing and 
sneezing. No measure was made of the venous pressure. But it can 
be inferred from the experiments that there is also a rise in the A'cnous 
pressures. 

Now, as to the pathways through which a bronchogenic carcinoma cell 
can be transported into the vertebral system and thence to the cranial 
cavity, Lee,^® in 1922, performed experiments ligating the thoracic duct. 
His summary is as follows; “It seems that the integrity of the thoracic 
duct is not essential to the life of the animal. In some cases in which the 
ligation was absolute, collateral Ij'mph circulation was established to the 
right thoracic duct; while in other cases which showed complete ligation, 
hjmpliaticovenovs connections were found to exist between the thoracic 
dmt and the azygos vein.” Batson demonstrated connection between 
the azj'gos and vertebral system of veins. 

It is quite conceivable that metastatic bronchogenic carcinoma cells 
can be transported into the vertebral system, either through the 
lymphatics of the lung emptying into the lymphatic system, or by retro- 
grade flow into the azygos system, and thence into the vertebral system. 
It is also possible that such cells might enter bronchial veins, thence into 
the azygos veins and into the vertebral system. 

Clinical application of the vertebral system of veins as channels, 
through which infected emboli are transported, has been made by 
Martin.^'^ He reports three cases of superior sinus thrombosis follow- 
ing childbirth, with one fatality. 

From the forgoing experiments, one is justified in concluding, that 
there is reversal of flow, not only in the vertebral system of veins, but 
also in other veins as well as the lymphatic channels. 

THE TORTEBRAL VEINS A DETOUR FOR BLOOD 

Recent work on ligation of large venous channels for thrombosis and 
embolism, such as the femoral, iliac, or even the inferior vena cava’ itself, 
has re-emphasized the pai't that the vertebral S 5 mtem of veins play in 
returning blood from the lower extremities. This also, according to 
Harris, was known over 100 years ago. Cruveilhier,’® 1834, wrote : “The 
veins of the spine are such that one ma 5 ' consider them, in relation to 
the general circulation, as establishing an uninterrupted communication 
between the veins of all parts of the trunk ; so that one may conceive 
either of the two venae cavae to be obliterated, without interruption of 
the venous circulation. Even the vena azygos major, usually considered 
as tlie maii\ route of communication between the superior and inferior 
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vena cava, is not necessary, in view of the presence of the anterior and 
posterior racliidian plexus. This explains wliy I have seen at one time 
the inferior vena cava, at another the superior vena cava obliterated 
without any visible enlargement in the calibre of tlic azygos vein, and 
wliich may seem surprising, without any edema either of the upper or 
lower limbs.” 



Pig. 3. — Schematic representation of tlie vertebral ss'stem and connections with other 
venous systems. (Prom Batson. Oscar V.: Ann. Surg. 1J2: 13S. 1940.) 

SUJIMABY AND CONCLUSION 

Injection experiments, according to the technique of Batson, were 
performed on cadavei-s by injecting the dorsal vein of the penis. Eesults 
similar to those reported by Batson were obtained. It is therefore con- 
cluded, with Batson, Bock, Cruveilhier, and others, that there is a fourth 
system of veins, namely, the vertebral or meningoraehidian system in 
addition to the caval, portal, and pulmonary systems, through which 
tumor cells or infected emboli are sometimes spread to distant parts; 
that these veins are of the primitive type, having no valves and carrj^- 
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ing tlie blood at lo^Y pressures wliieh enables reversal o£ iiow under 
certain cireunistances, sueh as posture, coughing, snoozing, and strain- 
ing; that this system o£ A-eins furuLshes an anatomic ex])l!ination for the 
so-called “paradoxical metastasis.'* 11 is furtlior oonoludod that the 
A'ertebral system of veins furnishes channels through which blood returns 
to the heart when large venous structures sueh as the femoral or iliac 
veins are occluded. 

I wish to thank Dr. Robert Stone Dow. professor of Anatomy. 'Unlvcr.sity of Orofton 
Medieal School. Portland. Orog., for valuable sUKKCsUons In prcpar.atlon of this paper. 
Also, I wish to thank the King County Hospital, Seattle, for inaking material !ivutlable 
for tills study. 
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HOjMOGENOUS cartilage grafts 

Ax Expkuijiextal Study 
Forrest Youxg, M.D., Rochester, N. Y. 

(From Ihc Department of Surgery, the University of Rochester School of Medicine 

and Dentistry) 

A S I have previously reported there is some confusion regarding the 
viability of varioiis types of cartilage transplants. Because of 
varying opinions and so-called “rcfi-igerated isografts" I undertook 
an experimental study of autogenous cartilage grafts in dogs.^ From 
that experiment, which was in agreement with pi’cvious experimental 
evidence and clinical impressions, it appeared that autogenous costal 
cartilage, when transplanted to the subeutaneous tissues in dogs, re- 
mained viable and did not lose weight or volume up to as long as one 
and one-half years. WJiether the cartilage was transplanted with or 
without perichondrium did not alter the facts. 

Since that time I have secured another bit of human experimental 
evidence which completely coiToborates that experiment. A woman 
came in for advice concerning an asymmetry of the nose. Twelve years 
before, an autogenous costal cartilage graft had been used to correct 
a traumatic saddle-nose deformity. In correcting the asymmetry it was 
necessary to remove the previous graft for reshaping and a portion was 
saved for miseroseopie section. This showed normal appearing hyaline 
cartilage. 

I think one can safely state that the evidence is incontrovertible 
that autogenous hyaline cartilage grafts retain normal gross and micro- 
scopic appearance for long periods. IMoreover, degenerative changes are 
but little, if at all, accelerated by transplantation. 

On the other hand, the data concerning the survival of homogenous 
cartilage grafts is quite meager. There are a few clinical reports. In 
1937 Gillies^ attempted and reported the successful transplantation of 
the cartilage framework of an ear from a mother to her son. J. B. 
Bro^vn,® in 1940, reported clinically successful cases of rib cartilage 
transplants from father and mother to sons, in the correction of trau- 
matic facial deformities. However, since specimens have not been re- 
moved later for examination, one has no proof that these transplants 
do not actually die and remain merely as foreign bodies. 

The experimental evidence is conflicting. Loeb and Siebert,^’ ° in 
the course of studies concerned with the transplantation of various 
tissues, state that there is greater tissue reaction to, and more eventual 
absorption of, homogenous cartilage grafts than of autogenous. 

Kirkham® found that auricular cartilage removed from one rabbit 
and placed in the abdominal subcutaneous tissues of another retained 

Keceiveil for publication, Jan. 12, 1945. 
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its size and form init on section tlio cell spaces aycvc vacuolated and 
nuclei absent. It should be stated that these cx])criincnls were an at- 
tempt to discover liow long after death a homogenous cartilage trans- 
plant was possible. A rabbit was killed and one hour later a piece of 
ear cartilage was removed and placed in the abdominal wall of a living 
rabbit. At hourly intervals up to six hoiu-s another i)iece was removed 
and transplanted to another li\dng rabbit. The transplants were re- 
moved in six months and examined. 

From this experiment Kirkham concluded that cellular death of the 
transplants occurred but their form was retained. As will be seen, the 
experiment here reported disagrees with these findings. 



Pig. 1. — ^Homogenous co£‘ ' • > • - ea from the abdominal wall of a 

dog one and one-half yea Note the glistening translucent 

sheen of normal-appearing 


METHOD OP EXPERIMENT 

The same general method was used as in experimental transplanta- 
tion of autogenous cartilage, except that two dogs were anesthetized and 
segments of costal cartilage removed from one were transplanted at 
once to the abdominal wall of tbe other. Five pairs of dogs were used. 

In each instance care was taken to secure cartilage as nearly free 
from central ossification as possible. This must be kept in mind as 
central ossification of rib cartilage takes place quite early in dogs. The 
cartilage was removed through an obliqne incision over the costal mar- 
gins and cut into segments about one and one-half inches long. These 
were measured and then inserted into the abdominal subentaneons tis- 
sues of the other animal through small incisions just to the right and 
left of the midline. Six pieces Avere implanted in the abdominal wall 
of each animal, three on the right, and three on the left. In this experi- 
ment soft tissues Avere removed from the transplant but no attempt Avas 
made to strip off the pericbondrinm, since in previous Avork it Avas 
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found that tlie presence or absence of ])ei’ic)iondriuni liad no effect on 
survival of autogenous oartilace prafls. The various incisions were 
closed -witli silk. 



Fip. 2. — PliotoiiilcioRriaplis (XJOC) frliowinj,- llie nrchltoctujp normal)}- aeon in costal 

c.-irtilaBc of younp- adult dog. 



Fig. 3. — Photomicrograpli (XlOO) sliowing lioniogenous costal carUIage fn'o weelts after 
cross transplantation to abdominal subcutaneous tissues. 

Tims, sixty pieces of costal cartilage were implanted in the abdominal 
trails of ten dogs, in eaeli instance tlie cartilage being obtained from 
a donor dog. These grafts were then i-emoved from a pair of dogs 
at intervals. In this way twelve gi'afts were removed at two weeks, 
three months, six months, one year, and one and one-half years. 
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Fig. 4. — Photomicrograph (XlOO) showing homogenous costal cartilage graft removed 
after three months in abdominal wall. Tlie cell architecture is normal. 



Fig. T),— Photomicrograph (XlOO) showing homogenous costal cartilage * 

removed from abdominal wall after six months. There is moderate 
clear zones of the cells and a few cells without nuclei. -^r.r:, in the 
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found lhat the presciiee or absence of perichondrium had no effect on 
survival of autogenous car{ila£ce grafts. The various incisions were 
closed ■with silk. 



Flpr. 2 — Photoiniciograplis (XlOO) !.ho«ine the aiclutectuic normally seen In costal 

cartilaije of ^oung• adult clog. 



Fig. 3 — Photomicrograph (xlOO) showing homogenous costal cartilage two weeks after 
cross transplantation to abdominal subcutaneous tissues. 

Thus, sixty pieces of costal cartilage were implanted in the abdominai 
walls of ten dogs, in each instance the cartilage being obtained fi’om 
a donor dog. These grafts nere then removed from a pair of dogs 
at intervals. In this way twelve grafts were removed at two weeks, 
three months, six months, one yeai', and one and one-half years. 
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GROSS EXAMINATION AND MEASUREMENT OF TRANSFLAK TS 

During the lime the grafts were in place in the abdominal wall tliey 
could be felt and, in most instances, seen. Of the sixty pieces trans- 
planted, all but two were recovered and examined. These two may not 
have been absorbed lint may have migrated to a spot where they were 
not discovered, since it was noted that there was a tendency for the 
grafts gradually to change location. 

On removal the transplants were firmly attached to the soft tissues 
without noticeable inflammatory or fibrotic reaction about them. They 
were removed by sharp dissection and cleared of soft tissues. They re- 
tained their cartilaginous appearance and springlike physical properties. 
In some instances softened yellowish spots were present which were 
thought to be areas of degeneration. The grafts were measured and 
it was found that there was no significant change in size. 

All the recovered transplants were sectioned and examined micro- 
scopically. The accompanying photomicrographs (Figs. 1 to 7) are 
representative ones selected at the various time intervals. I believe that 
if presence of normal cartilaginous architecture is a criterion that one 
can state without hesitation, these cross-transplants remain viable. It 
is true that degenerative changes are present in that the clear zones 
around the nuclei are larger and central ossification is present. How- 
ever, in interpreting this, one must remember that the ossification of 
costal cartilage in dogs is an early occurrence, and that in some in- 
stances early central ossification was already present when the trans- 
plants were carried out. 


CONCLUSIONS 

From this experiment it appears that costal cartilage can be trans- 
planted from one dog to the subcutaneous tissues of another dog and 
remain viable in its new location up to one and one-half years. 
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Fig. 7 . — Photomicrograph (xlOO) showing a specimen removed one and onc-hal£ 
years after cross transplantation. This particular one was selected because it showea 
as marked central bone formation as any examined. Some specimens at one and one- 
half years showed relatively little. 
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1939, Everhart and Jacobs' reported a case of right ... .v in • 
newborn infant, thought to l)c due to Irannia during . .cr b 
They collected five such cases in infants under 1 year of age a 
eases in those from 1 to 14 years, the etiology being cither trauma or 
rupture secondary to obstruction by tiibcrculous jiodes. Chy lot borax 
caused by nodes were likely pseudochylous rather than true eliylolhorax, 
Beatty,- in 1936, reported a case of right cbylothorax which developed 
six and one-half years after depressed fracture of the left clavicle. This 
is the longest reported interval between the trauma and the appearance 
of the lesion, but there was evidence of deformity of the subclavian 
vein and the cbylothorax was doubtless due to the obstruction rather 
than direct trauma to tlie duct, however, both factors may liave played 
a part. 

In contradistinction to nonpcnelraling injuries in wliieli tlie lesion 
is usually on the right side, in penetrating wounds of the thorax the 
left side is more frequently involved (nine of fourteen, Shackelford 
and Fisher) Eight chjdothorax was the result of closed injuries in 
eighteen eases and open injuries in two cases. It is suggested that an 
injury low in the thorax results in a right -sided chylotliorax and that 
a high injury causes a left cbylothorax.^' Watts"^ reported a case of 
self-inflicted Iniifo woinrd of the suprasternal notch which 'severed the 
thoracic duct (proved at autopsy) and resulted in left cbylothorax. 
Bullet woimds also have resulted in severance of tlie thoracic duct. 
Matson and Stacy*® reported a bullet -wound of the duct successfully 
treated. The thoracic duet also has been injured surgically. Smith 
and Woliver*® report a case which followed resection of the right tenth 
x’ib for sarcoma. Turbid fluid wa.s noticed in the wound near the end 
of the operation, the duct was not seen or ligated, several thoracenteses 
were done, and four intravenous injections of the fluid were given ; the 
patient survived. 

Clinically, in the patient with cbylothorax there is a relatively asymp- 
tomatic interval between the trauma and onset of marked dyspnea, pallor, 
cyanosis, threadj’^ pulse, and shock. This period averages four days,** 
during wHcii time the patient’s onlj’- complaint may be mild chest pain. 
The longest time interval is that reported by Beatty,® of six and one- 
half years. Usually following thoracentesis, the dj’-spnea is relieved, 
the e.yanosis disappears, and the shock is relieved. However, there is 
a rapid reaceumulation of the fluid and aspiration must be repeated, 
sometimes within twelve hours. There is rapidly progressive loss of 
weight and emaciation. Physical examination at the onset reveals a 
dyspneie patient with weak pulse and low blood pressure; there is 
evidence of fluid in the pleural cavity. These findings are present each 
time the fluid reaceumulates. 

A definite diagnosis is made by examination of the fluid which is 
milky in appearance. However, the fii'st tlioracentesis may yiel(3 



\ 

) TRxVmiATIC CIIYLOTIIORAX 
Ri:pobt of a Fatal Case Complicated by a Ruptubed Duodenal Ulcek 
Robkbt Flobeb, jM.D., and Alton Ogiisnek, M.D., New Obleans, La. 

(From ihc Bepariment of Snrgerp, School of 3fc(Iiei)ie, Tulane IJ'nhcrsity ; and 
The Charity Tfospital of Louisiana) 

C HYLOTHORAX resulting from rupture of the thoracic duct due 
to trauma is an unusual condition which presents a challenging 
therapeutic problem. Dorsey and IMorris,® in 1943, reviewed fifty-eight 
cases fi’om the literature and i-eporlpd one additional ease. Doubtless, 
there are many unreported eases. Prognosis is grave since there is a 
50 per cent mortality in eases in which operation has not been done, 
and direct surgeiy to repair the duct has been completely unsuccessful, 
resulting in 100 per cent operative mortality. 

Traumatic chylothorax is often associated with fractured rib, frac- 
tured vertebra, or dislocation of vertebral bodies. However, it is not 
uncommon to find chylothorax following nonpenetrating injuries unas- 
soeiated wdth any bone or joint injxuy w'hich is demonstrable by clin- 
ical roentgenologic or post-mortem examination. 

Frequently there is a history of the patient having fallen or being 
throwm on the back or having been in an auto accident where there is 
sudden hjqxerextension of the spine. The mechanism in such instances 
is thought to be that of stretching the thoracic duct and because the 
cisterna chyli is fixed beneath the diaphragm, rupture ensues.^ Fol- 
lowing rupture, chyle escapes rctropleurally and, later, the pleura rup- 
tures, causing chylothorax as found at autopsy by Cellan- Jones and 
Hurphy.^ In 1932, i\IacNab and ScarletP^ drained, by thoracotomy, 
a retropleural cavity which at post mortem was seen to communicate 
with the pleural cavity. The most frequent site of rupture in non- 
penetrating injuries is in the supradiaphragmatic portion in the region 
of the ninth to tenth thoracic vertebrae, and leakage is usually into the 
right pleural ca\lty, since the duct at this level is on the right side 
and does not cross to the left side until the level of the seventh thoracic 
vertebra is reached. Of twenty-eight cases reviewed b.y IMacNab and 
Scarlett, chylothorax w'as on the right in fifteen, on the left in eight, 
and on both sides in five. Shackelford and Fisher^’^ suggest that rup- 
ture may be due to increased intrathoi'aeic pressure, but in discussing 
their paper Peniek stated that valves in the thoracic duct are inefficient 
and that any extraduetal pressure would force fluid in tw'o directions 
and not increase tension on the duct wall. The former authors^' also 
point out that several cases have follow'ed ingestion of a heaxy meal, 
possibly because the intraductal pressure is highest at this time. In 
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Review of Recent Meetings 



FIFTY-SIXTH ANNUAL MEETING OF SOUTIIEEN 
SUKGTCAL ASSOCIATION 

GEORC.n n. Liu.v, Jr.O., ^FrAMi, FfiA. 

'S fifty-sixth animal so5sion of tlie Soutlicrn Surgical Association «n.« lielO 
the Homestead Hotel, Hot Spriiig«, Va., Dec. o, 0, and 7, Alton Ochsner 

d and Alfred Blalock served as secretary. I. A Bigger was eliairiiian of 
nmittee on Arrangements. 

el Arnold Griswold begun t!ie scientific program by presenting a di.sciis- 
Gniisual Lesions of the Stomach. Several cases were presented in which 
imois were encountered in flic pro.vimal poition of the stoinaeh. The nd- 
f transthoracic apjrroacli to such lesions was demonstrated. It was pointed 
n approach through the loft tenth rib bed, with .splitting of flic diaphragm 
ng of the plircuic nerve, ofTered cscellent e.vposuro of this surgically 
region. Infection, was not encountered frequently, and the additional 
ed seemed to bo worth while because of tlie better cxpo.sure. 

Bienhoff analyzed The Besiilts of the Surgical Treatment of Peptic 
Duodenum in a Series of 260 Cases. Intractable pain, repeated hom- 
vomiting were conditions which made surgery desirable. A Polya- 
of resection was employed, with removal of onc-third of the stomach 
ho anastomosis. He repoitcd that 78 per cent of the patients in this 
irely well, 12 per cent improved, 8 per cent failed to improve and 2 
10 per cent had postoperative hemoirhage and S per cent developed 

irshall presented A Plan for the Management of Gastrojejunocolic 
^wing the literature on this subject, moitality rates ranging from 25 
're encountered. Most deaths were attributed to shock, hemorrhage 
It was observed that most of the fouiteen cases studied developed 

mfon TU *«^elopea, and then 

. e greatest moitality was found to result from a sin»l6 

Til. ■>'> “ 

St, the terminal ileum is anastomosed to the descending colon 

f "I ”” 

arj. Theie was one death in this series of fourteen cases. 
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Tininedialel ■ '.cr operalion, parcnlcml inctliods of mitrition include: 

(1) llie use of plasma in suflicieni ainounls, combined Y'ith (2) trans- 
fusions of v’ ■' blood. A combination of liu; two seems to answer tlie 
Npu-'-'^ose better tlian either one alone. In addition, the fluid balance is 
icept up by glucose and .saline infusion.s, to which .solu-B (vitamin B) 
can be advantageou.sly added. In accordance with the e.sce.s.s los.s through 
the ileostomy, large quantities of fluid are needed, u]) to -1,000 to 6,000 c.c. 
daily, but the danger of overloading the vascular api)aratus .should be 
kept in mind in the.se otherwise debilitated patient.s. I have formed the 
habit of adding to each 1,000 c.c. of infusion 30 fJm. of aminoids (protein 
liydi’olysate) and have found this of great use. 

As .soon as possible, oral feeding is instituted and increased as fol- 
lows : 

1. The dietary protein intake Is increased to 150 to ISO Gm. ])er day. 
Usually the patient ^vill not or cannot take more by mouth. 

2. Gastric intubation is used, if possible. This may add ns much as 
50 per cent. Bui if too much Is given, distention results, the patients 
develop diarrhea, and much protein is lost. 

If, owing to digestive or other disability, the amount of protein is not 
sufficient, the discrepancy .should bo made good by adding a sufficient 
quantity of amino acids dissolved in. or mlNcd with, the food. This 
, is easily done in the mouth feeding, and even more easily accomplished 

ly intubation. 

)In the beginning, it is usually necessary to bolster the oral feeding 
'witli parenteral alimentation cither liy plasma or by whole blood, and 
this should not be avoided until the oral method is firmly established 
and is sufficient. 

Later and after the patient loaves the hospital, excess and enriched 
protein nutrition should be continued for the reason that the ileostomy 
continues to discharge abundantly, and much is lost before complete 
utilization. Occasionally, even at this later period, bolstering up with 
parenteral methods is necessary — plasma, blood, and transudate fluids 
(ascitic or pleural). The last is a valuable method and decreases the 
expense. 

At all stages of the postoperative care, alimentation, either oral or 
parenteral, must not exceed the toleration of the individual patient, 
otherwise the purpose would be defeated, much harm %vould be done, 
and convalesence from the operation would be interrupted. 

At all stages of treatment, protein hydrolysates in the form of aminoids 
form a valuable addition to oral or parenteral alimentation. In the 
early stages, it can be used parenterally by adding the aminoids to the 
infusions as indicated previouslj^ Later, aminoids can be added to the 
diet to enrich the protein stores. In long-standing cases of undernutri- 
tion, the oral use of these preparations finds an important and chief 

place. 
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Symposium on the Ulcer Problem 

A miUiCT VISITAI. TECHNIQUE FOR STUDYING CHEI\IICAL 
AND OTHER INJURY TO EXPOSED ^MUCOSAE SURFACES 

Fukd Koloucii, Ju., jM.D.A ^Iixn'kapous, iMin'x. 

(From the ncpnrtmmt of Sur//<ri/, Vnircr.'.Hy of Miiincsofn Bospilals) 

M ost of the teclnnqucs clcvisccl to .study the enzymatic hydrolytic 
effects of gastric juice upon the mucosa of the alimentary ti’act 
have failed to provide means of studying the eai’ly and the progressive 
effects of such chemical injury. The technique herein desei’ibed is 
directed at assaying the early effects of such injury. The accessibility 
of the exteriorized segment to direct vision and continued inspection 
provides a satisfactoiy means of studying the chemical injury attend- 
ing the drii)ping of various solutions upon such exteriorized segments. 

METHOD 

Pedicled segments of the gastrointestinal tract are brought out and 
exteriorized upon the anterior abdominal wall of dogs. The reactions 
of these mucosal grafts to the constituents of gastric juice, interference 
with circulation, or trauma of any nature may be observed directly and 
dynamieallj'’. Serial photographs and biopsies of observed anatomic 
changes may be obtained. Two objections to the technique are alteration 
of the environment of the intestinal mucosa and the exposure of the 
mucosa to trauma other than that employed in the experiments. Acute 
experiments perfoi'ined on freshly exteriorized segments eliminate 
largely the latter disadvantage. Experiments of four to twelve hours’ 
duration have been employed to study the immediate and early effects 
of gastric juice dripped on intestinal mucosa. When the observation 
of the late effects of this chemical trauma is to be observed, a peiana- 
nent pedicled flap graft of intestinal mucosa is emploj^ed. 

TECHNIQUE OF PREPARING THE EXTERIORIZED SEGMENT 

Under intravenous sodium pentobarbital anesthesia, employing 15 mg. 
per pound of dog, using strict surgical technique, a laparotomy is per- 
formed through a midline incision. The desired segment of gut is 
located. A loop with a good blood supplj'^ is chosen and it is divided at 
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t-wo points, four or five inches apart, between lieinoslatie forceps. The 
inc.sontcry is divided doM'ii to its ba.se in the neare.st avascular areas be- 
low the two points of division, care iieing ob.servod to protect the blood 
ve.s.sols to tlie isolated segment. In the acute experiments the open 
ends of the intestine are ligated with a heavy ligature. The isolated 
loop with blood supply intact is brought out upon the abdominal wall. 
The .skin is loosely sutured around the pedicle, care being taken to 
avoid interiercncc with the blood supply. The exteriorized intestinal 
seirmenl is opened along the ant iinesent eric border and the corners 
are anchored to the .skin of the abdominal wall by means of sutures. 
If protracted observations ai’c to be carried out, one must re-establish 
the continuity oi the intestine by means of an aseptic end-to-end anas- 
tomosis made over appropriate clamps. The isolated pedicled loo]) ivith 
blood supply intact is brought out thronirh the .skin incision and is 
opened along the antiniesenteric border. A defect equal in area to the 
^ size of the opened bowel segment is made in the .skin surrounding the 
incision. Ilemo.stasis is secured. The bowel segment is then 
^Stxired in the skin defect forming a pedicled flap graft of inte.stinal 
. y “*^sa in the anterior abdominal wall of the dog. Sulfanilamide 
As spread over the site of anastomosis between the gut seginent and the 
, •' abdominal wall. 

Employing this technique, it has been possible to exteriorize segments 
from all divisions of the gastrointestinal tract. However, due to the 
shoi'tne.s.s of the common bile duet in the dog, it has been difficult to 
exteriorize the gastric antrum and the first portion of the duodenum. 
However, if the common bile duct is ligated and divided, these segments 
can be brought out. For acute experiments, no effort is made to re-estab- 
lish re-entry of the bile into the intestinal canal. For protracted ob- 
servations, a eholeeystoenterostomy may be performed. 

liVilh a slight modification of technique, a preparation may be made 
in which vascular phenomena can be studied. The mesenteiy of the gut 
is pulled over to one side and tacked between the skin and the edge 
of the opened intestine. The arteries subsequently may be dissected out, 
and the effects of emboli or medicaments injected through a fine caliber 
needle may be noted. 

The reactions of these mucosal segments are studied as follows: The 
dogs being anesthetized arc .secured to a wooden frame in the supine posi- 
tion. The experimental solutions are then dripped on the mucosa and the 
reactions observed as they progress. The tissue may be photographed 
and biopsies may be taken at any time. 

This method of studying the effects on isolated exteriorized segments 
of gastric juice, obtained from dogs Avith isolated pouches under his- 
tamine stimulation as Avell as hydrochloric acid Avith or AA'itliout the 
addition of pepsin, dripped at a constant rate upon the exteriorized 
segment suggest definitely that all segments of the gastrointestinal canal 
are susceptible of injuiy by this means Avith 0.1 normal hydrochloric 
acid. The importance of pepsin in augmenting the injuiy produced 
by hydrochloric acid is obvious, as is also the effect of trauma to the 
exteriorized mucosa. 

Fig. 1 demonstrates the progressive damage to duodenal and antral 
mucosa produced by dripping on an isotonic acid solution of pH 1.2 
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ill OIK' poilil on bolli llio Jintnnn and llic cliUKlemnn .•tiul aoid tjastrie 
juice (iill 1.12) obtained from a hi.slainino-.stiinnlatod ITeidenliain ])oucli 
On another tor a jieriod oi tliree and one-bali' liour.s. The enbaneenient 
of degi'ce of inueo.sal do.struction by trauma induced l)y gently stroking 


O HCL. PH. 1.2 

[1?! Do^ gastric juice PH. l.iZ 




tig. 1 .. — Experimental Dog 24 Photogiaphic senes rexeahng chronologicalh the 
alterations in exteriorized gastric antral and duodenal mucosa of a clog exposed to 
isotonic hydrochlonc acid solution of pH 12 and to dogs' gastric juice of pH 
i. 12 obtained from histamine-stimulated Heidcnhain pouches The effect of tiauma 
m the normal mucosa and that damaged by the gastric juice induced bj stroking 
It e^eIy five minutes with the lubber eraser of a pencil is also shoun 

Topographic map designating areas of antial and duodenal mucosa dnpped 
with Indrochlonc acid and gastric juice. The regions traumatized aie also revealed. 

Conti o\ ^e^eals character of mucosa of the opened exteiiorized gastric antrum 
and duodenum. 

1 P* Alterations two minutes aftei dripping designated aieas with the isotonic 
nyarochloric acid solution pH 1.2 and the dogs’ gastric juice (pH 1 12). Antrum 
♦ 'u no damage m either aiea Duodenal mucosa has reacted in this short time 
to both solutions by marked edema and graj discoloration of the mucosa 

D, Alterations within ten minutes Antral mucosa shows no effect Duodenal 
mucosa has become increasingly edematous and a superficial gray exudate has ai>- 
peared m both areas. 

- Alterations within thnt> minutes. Antial mucosa still resists corrosne action 
n Sastiic juice and the acid jis \vell as trauma The duodenal mucosv is 

damaged with an increase m the lntenslt^ of the edema exudate and now 
necrosis is present at both regions but slightU greater in the area exposed 
Tiauma has caused a slight erjthema baielv perceptible m the 
normal mucosa in contrast to erosion and small petechial hemoi- 
lages m region exposed to gastric juice 

1 aftei three and one-half houis* exposure The antial mucosa has 

solution of pH 1.2 as w’cll as trauma alone Spontaneous petechial 
y occuned in region exposed to gastric juice after two hours and in- 
* up to fs point. Tiaumatization caused supeificial erosion and increased the 
damaged b> gastric juice The duodenal muco‘?a has been 
hy both the acid and the gastric juice The exudation and ne- 
od b> the effects of the latter Tiaumatization of the normal 
•'^ed increa«jed erythema and some cxtra\ a<?ation of blood 
I hemorrhagic ulcer in the region damaged b^ gastric 



the regions cxi)Osecl to gjislric .iuiee is ol)vioiis. Duodenal damage con- 
sists of jirogressive edema and necrosis and connnences williin two 
inhmles, progressing very rapidly in l)ot]i exposed areas. Tlie antral 
mucosa is mucli more resi.stant, as it shows no tendency to necrosis or 
ulceration in the area exposed to the acid or trauma alone. On the other 
hand, petechial hemom-hages occurred in tlie area expo.sed to gastric juice 
after two hours. Trauma caused ulceration and hemorrhage in the 
damaged duodenal mucosa and only hemorrhage in the damaged antral 
mucosa. 

It is proposed to attempt to determine the susceptibility of various 
segments of the gaslrointesti)ial canal to such chemical injury. 

COXCLU.SIOX 

A method of studying tlie effects of chemical and other types of 
trauma to various segments of the gastrointestinal canal is described. 
’^I^lie celerity with which evidences of mucosal injury appear, attending 
^S^e dripping of .solutions of hydrochloric acid within the physiologic 
. -•f^iiige upon exteriorized segments ,is striking. The deleterious effect of 
;; Tocal trauma is apparent. 


THE PATHOGENESIS OF CAFFEINE-INDUCED ULCERS 
J. A. Roth, jM.B., Ph.D., axd A. C. Ivy, Ph.D., JI.D., Chtc.\go, III. 

(From the Deparlmeni of PhysioJotjy, Norlhirrslcrit University Mcrlicat School) 

IXTROOrCTIOX 

T he observation of JiuhP on the production of acute and subacute 
gastric ulcers in cats b.v the intramuscular implantation of caffeine 
in a beeswax-mineral oil mixture was recently confirmed by us." A hypo- 
thetic analysis of the pathogenesis of the caffeine-induced ulcer Avas pre- 
sented. Since tlien avc have dcmon.strated that caffeine is a potent 
stimulus for the secretion of acid and pepsin.^- ^ In addition it Avas 
noted that A\dien histamine and caffeine Avcrc given alternately, acute 
bleeding ero.sions and ulcers could be observed to develop during a 
])eriod of five or seven hours. This rendered it possible to study the 
pathologic histogenesis of these ulcers in considerable detail. 

In this paper Ave shall report tlie A-ascular changes in the gastric 
mucosa produced by caffeine, and elaborate upon tlie other factors in the 
pathogenesis of caffeine-induced ulcer. 

5IETH0DS 

In eight acute experiments Avith cats under light chloroform anes- 
thesia, an incision Avas made through the serosa, muscularis, and mucosa 
of a relatively avascular area of the stomach. The mucosa everted, form- 
in^ a stoma Avhich was protected and kept moist by normal saline solu- 
tion. After a control period of fifteen minutes during which time the 
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red inlcnsity of tlio imicoMi avrs ostiiiiiilivl in <’oni]>nrisnn witli a 
Tallqvist licinoulobin soalo.' scvoral small stn-lioiis of the sloinavh wall 
were cut from the free edne and fixed immediately in formaldehyde for 
microsoopie study. Then eaffeine was slowly administered intravcnonsly 
(250 mir. caffeine sodium henxoale). the intensity of redness Avas esti- 
mated. and sections of stomach A\-all Aver<> i (-moved from an ai'oa adjacent 
to the control at fifteen-minute intevA-als for sixty to sevcuity-fiA-e minutes 
Control ex]Aeriments Avere conducted ii'-iu': an (-(iniAalent amount of 
sodium henxoale (125 mir.) in an (Miunl volume of jdiysiolouic saline 
solution (1 C.C.). Precautions wi-re taken to keeji manijuilations of tiic 
.stomach to a minimum. All of the animals uei-e tasted ten to IavcIac 
houi's previous to the exjieriment.s. 
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A. 


B. 


Photomicrograph of gastric muco=a before caffeine 
hour Aessels in the mucosa. B, Photomicrograph of gastric mucosa one 

siibniurn«» caffeine (XSO). Note dilated and engorged Aenules m the mucosa and 
a. Liowei magnification nas selected to show a larger field 


RESULTS 

Diieet observation of the gastric mucosal stoma in the cat shoAved 
a persistent reddening (hyperemia) after the intravenous administra- 
lon of caffeine, folloAved in one hour by cyanosis. During the phase of 
peiemia, the mucosa became thickened, moist, and sncenlent ; the rugae 
lecame fuller and smoother. Kodaclirome photography recorded these 
elianges. 

1 shoAAs the microscopic A'ascular changes folloAving adininistra- 
on of caffeine. "When the mucosa si'ossIa' appeared more reddened (an 
average change from 20 to 50 per cent on the Tallqvist scale), the veins 
of the submucosa appeared markedly dilated aud engorged 
lood. HoAA'eA'er, AA'hen the mucosa appeared cyanotic there aahs 
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marked dilatation and engorgement of llie mucosal venules, which previ- 
ously were not apparent to any groat extent, and scattered collections 
of serous traiisudate and cxtravasated blood elements were observed. 
These gross and microscopic va.scular changes suggest the following 
train of events: vasodilatation and engorgement, vascular stasis, local 
anoxia, increased capillary permeability, transudation, extravasation of 
blood elements, and deerea.sed eel! nulrifion. 

The mucosa in the control experiments did not .show any similar 
va.scular changes. 

DI.SCU.SSIOX 

The central and ])oripheral actions of caffeine on the blood ve.ssels 
are antagonistic. Caffeine tends to constrict blood ves.sels by stimulation 
of the mcdiillary vasomotor center, and to dilate them by a direct effect 
on vasculai' mu.sculature.^’ Ooodman and Oilman .state that, “after 
therapeutic doses, the peripheral vasodilator action predo7ninate.s. 
Oncometer studies in experimental animals show that there is a definite 
increa.se in organ A’olume following the adinini.stration of a xanthine.” 
Early investigators rcpoi'tecl an increased volume of the splanchnic a7id 
eei'obral i-egions after stimulating doses of eaffeijie due to ]>ersistent 
vasodilatation. The present studies upon the gro.ss and inici’oseopic 
vascular changes induced by caffeine cmifirin the vasodilatation as 
specifically I'elatcd to the ga.stric muco.sa. A discussion of some of the 
factoi’s which appear to be involved in the ])a1hgenesis of caffeine-in- 
duced ulcers in cats follows. 

AVe have suggested- that the proteolytic action of acid and pepsin 
secretion upon a ga.stric muco.sa, rendei'cd more .su.sceptible to the ulcera- 
tive process by the vascular and “cellular” changes induced by caffeine, 
results in the development of an ulcer. 

Catfeine and its related beverages have been shown to be potent stimu- 
lants of both the acid and pcpsiji content of ga.sti'ie juice in man and the 
cat.^- ■*’ Con.siderable evidence indicates that the excessive continuous 
secretion of gastric juice with relative or absolute deficient neuli-alization 
is one of the major factors in the pathogenesis of human gastroduodenal 
ulcers." With this in mind and in order to produce ulcers experi- 
mentally, it was thought desirable to ]7rovoke the constant elaboration of 
gastric juice so that when the .stomach was empty of food content a rela- 
tive deficient neutralization would be obtained. Thus, in an attempt to 
obtain prolonged and continuous caffeine action, the technique of 
embedding caffeine in a bee.swax-mineral oil mixture was used as in the 
experimental production of “histamine ulcers. 

Attention is called to the fact that when the histamine mixture was 
implanted subcutaneousl.v, infectious abscesses almost invariably de- 
veloped at the site of injection." It is conceivable that the decreased 
general resistance of the body that accompanies chronic infectious foci 
may play a contributory role in the pathogenesis of histamine-indueed 
ulcers. It is a well-known clinical observation that recurrences of gastro- 
duodenal ulcei-s are more frequent in the presence of focal infectious 
processes. However, it is unlikely that a similar factor is involved in 
the pathogenesis of “caffeine ulcers” inasmuch as no similar abscesses 
were observed when the caffeine mixture was implanted intnmuscnJarhj. 
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In recent yeers considerable empliasis lias been jilaced upon the acid 
and pepsin factors, but opinion has been divided as to the relative im- 
portance of one over the other; hence the designations "peptic nicer” 
and "acid nicer.” nowever, this is an artificial distinction since the 
proteolytic action of ^i'stric .inice is not dne to acid or pepsin alone, bnt 
to pepsin in acid solution.’'^' 

The consensns today is that "nicer of the stomach is in some way dne 
to a local loss of rcsislavcc on the jiart of the mneons membrane to the 
dis'ostant activity of the s'««li'ie inice."" This factor is loo frequently 
overlooked in a consideration of the pathogenesis of spontaneous or 
experimentally induced ulcers; as a consequence, investigators have re- 
cently directed their attention and emphasis upon the importance of acid 
and/or pepsin to the exclusion of those faclors wind) hicrcusc the 
suscepiibilifii of the mneosa to the ])rotcohiic action of acid and pepsin. ' 
Some of these factors with reference to caffeine will be discussed. 

The microscopic picture suggests that, the marked vasodilatation and 
engorgement might in turn give rise to stasis, increased capillary 
permeability, transudation, extravasation of formed blood elements, and 
impaired cell nutrition, all of which would contribute to the devitaliza- 
tion of the mucosa and the development of an nicer. Babkin takes the 
position that the devitalizing mechanism is one of vasodilatation and 
stasis.^'* Direct observation of a nnicosal stoma in the cat shows a per- 
sistent blushing (hyperemia) after the intravenous administration of 
caffeine, followed by cyanosis. 

Vascular changes in the gastric mucosa similar to those induced Ija* 
caffeine in the cat have been observed in man under various conditions. 
In their experiments upon a modern "Alexis St. ]\Iartin,” Wolf and 
Wolffs observed that "intense anxiety, hostility and resentment were ac- 
companied by severe and prolonged engorgement, hypermotility and 
hypersecretion in the stomach. In this state mucosal erosions and hemor- 
rhages Avere readily induced by even the most trifling traumas and fre- 
quently bleeding points appeared spontaneously as the result of vigorous 
contractions of the stomach wall.” Tims, a hyperemic succulent mucosa, 
whether provoked by emotional reactions or caffeine, is apparently 
"friable” and susceptible to the ulcerative process. 

Continuous or repeated stimulation of gastric secretion in the anes- 
thetized eat with histamine for ten to twelve hours produces no apparent 
change in the gastric mucosa.^ But, if caffeine (250 mg. caffeine sodium 
benzoate, intravenously or by direct laAmge of the stomach, for thirty 
minutes) is alternated Avith the histamine ( 0.3 mg.), large diffuse areas 
of epithelial desquamation, multiple bleeding erosions, and ulcerations of 
the gastric mucosa are observed in as short a time as five hours (Figs. 2 
and 3 ). Since both caffeine and histamine stimulate the floAv of an acid 
gastric juice and cause vasodilatation, and since histamine alone does 
not induce ulceration of the gastric mucosa in acute experiments, caffeine 
may proA'ide an additional factor AA'hich contributes to the decreased re- 
sistance of the mucosa. This alteration in the susceptibility of the 
gastric mucosa to the proteolytic action of gastric juice has been arbi- 
trarily designated and attributed to "cellular toxicity.” This factor 
may iuA'olve alteration in cell permeability, the concept of caffeine- 
histamine synergism,’® or a more prolonged stimulation of pepsin than 
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that provolced l)y hisinwwo/ Seliiffnn and Wari-oid" li.-ivo slionai l]iaf 
the incidence of experimentally induced ulcei'alions of the gastrointesti- 
nal tract is much higliei’ by perfusion, with optinnnn concenlrations of 
acid and pepsin than by perfusion with acid alone. Thus, the va.scular 
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Fie. 2 — Acute c.\periniont, gastric contents were continuously drained out thioucli 
a pyJorjc cannula. Sequence of eaM/}c sthnulatlotis: O.r, mi;. Ulvtamine, subcutane- 
ously IpO nw. caffeine (Ia\afre tar Unity minutes), and O.ii intr. Instamme. subcu- 
taneously, Duration of experiment seven hours. Note diffuse areas of siipernclal 
desquamation of epitlielium, multiple bleeding’ erosins, and nlcerntions of the gastric 

1^1 VI oos^ ■ 



Fig. 3.- — Photomicrograph of an acute erosion. Kote superfleial mucosal defect ’U'ltU 
fragmentation of the glandulai epithelium, venule dilatation, engorgement, and throm- 
bosed vessel. 


changes and factor of “cellular toxicity” are implicated in the patlio- 
genesis of caffeine-induced ulcers in eats by increasing the susceptibility 
of the mucosa to the dige.stive action of gastric juice. 

In addition to the direct pharmacodynamic effects of caffeine upon 
the stomach, there may or ma.r not be a neurogemc factor by virtue of 
the excitatoiy action of caffeine upon the central nervous system. It is a 
well-eslahlished clinical observation that the emotionally tense, con- 
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seicnlious, hai'd-wovkiiijr individnals "ciicrally constitute the ulcer 
diathesis. Also, prolonged ro.sontnienf, hostility, and anxiety are com- 
monly associated witlv voeurrence or ]^crjm1 nation of aJi nicer. It is 
conceivable that tlie consnin^ilion of large quantities of caffeine-contain- 
ing beverages might aggravate tlicsc neurogenic factors and thus con- 
tribute to a vicious cycle in their influence upon human gastroduodenal 
ulcers. 

We have previously noted the species difference in the secretory re- 
.spou.se to cafl’cinc;- gastric .secretion is stimulated in man and in the cat, 
but not in the dog. An atlcni])t was also made to produce ulcers in dogs 
by the intramuscular implantation of calfeine in beeswax and mineral oil, 
but no change Avas observed in the gastric or duodenal mucosa after dailj' 
injections over a period of three months. The explanation for this 
.species difference is not ai)])arcnt at present. The ga.stric mucosa of the 
cat appoa7-.s to be jnoi’e su.sceptible to ulcci'ation than the duodenal 
mucosa ; the incidence of “histamine ulcers’" as well as “caffeine ulcers” 
in the gastric mucosa outnumbers those in the duodenal mucosa of the 
cat.’’ “ The converse is true of the location of histamine-induced 
ulcers in the dog.’^ 

lA’y” concluded that, “if tlio.se reported failures of atropine, in doses 
adequate to cause complete xerostomia and distui’bances of vision, to 
abolish the gastric secretory response to a meal in man are not due to the 
presence of an iilcer or a '])re-ulcer’ condition, then normal men have 
a gastric secretory mechanism not found in the normal dog.” It is 
evident from the present studies on caffeine that nonual man does 
possess a gastric secretory mechanism not found in the normal dog. 

SUMMARY 

Evidence is presented in support of some of the factors which appear 
to be involved in the pathogenesis of caffeine-induced ulcers. It is be- 
lieved that the proteolytic action of acid and pepsin secretion upon a 
gastric mucosa, rendered more susceptible to the ulcerative process by 
the A'aseular and “cellular” changes induced by caffeine, z-e.sults in the 
development of an ulcer. 
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ixtroductiox 

M AIs' appear.s (o lie “acldieled’* to vai-ions bcYcra'ies containinsi 
mctliyl derivatives of xanthine. Tlie ino.st important ones arc 
caffeine (trimethylxanthine), the principal alkaloid of coffee, tea, kola, 
etc., and theobromine from cacao, (’ertain poinilar soft drinks also 
contain .substantial ainount.s of caffeine. A strong enp of coffee or tea 
contains 0.10 to 0.12 Gm, of caffeine. The well-known pliarmaeologic 
action of these drug.s is e.ssentially that of tlie alkaloid prc.sent.'- 

Because of (1) the widespread use of eafl’cine-eonlaining beverages, 
(2) the limited tolerance of habitual consumers of caffeine, (3) the 
general acceptance of the doctrine tliat coffee and tea should be elim- 
inated from the diet of the ulcer patient, and (4) the apparent confusion 
in the literatui’e regarding the effect of caffeine on gastric secretion, it 
was suggested that a further evaluation of tin's problem .should be made. 

A few years ago (1940), the pos.sible relationshi]) of caffeine upon 
gastric secretion was brought to light in a rather striking manner. A 
young man was admitted to hospital with a perforated ‘‘peptic” ulcer. 
He gave a hi.story of having ingested approximately 150 bottles of an 
iced kola drink over a period of five days during the heat of August. 
He gave no antecedent story of ulcer. Later, another jiatient presented 
himself experiencing extreme difficulty with a doudenal ulcer. A earc- 
fui review of his habits revealed that he was a self-styled eoea-cola 
“addict.” In this latter case, the association of these two conditions 
may have been coincidental. However, in the first patient, it is diffi- 
cult to set aside the possibility of a causal relationship. It was tlie ob- 
servation of these two cases that suggested sub.iecting tlie caffeine 
influence in ulcer genesis to experimental .scrutiny. A preliminary re- 
port was made from this clinic on the matter by Judd® in 1942. 


FREVIOUS STUDIES 


In a review of the American and English literature, little work of 
primaiy importance has been clone. 

Allard’ (1904) discovered at autopsy gastric hemorrhages and erosions 
in patients receiving Theoein, a proprietary name for synthetic theo- 
phylline having the same pharmacologic action as caffeine. Experi- 
mentallv, in dogs he administered theoein liy nasal tube. The dosage 
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varied from 0.29 to 0.7G (im. per kilofrrain of body In Ibree to 

eleven day.s he notieed fji'strie lieniorrhaije.s- and ero.sions; i'abl)i1.s de- 
veloped Ideedinp; area.s, eats only edema oi the JiHU’Osa. 

In 1906, l^ineiissohn'' observed a prompt rise in the free and total 
acid, as well as volume of jiastrie juiee in dofis with Pavlov imuebes 
oiven 300 e.e. of a eoffee mixture eontainini^ 20 fim. of eolTee. I'siim 
cocoa, M’bicli contained only 15 ])cr cent ol its noi'mal t.al content. .i 
.slight increa.se in <ia.sli-ic acidity wa.s evident. Tea (10 flm. in 300 e.e. 
of water) was observed to deci-ense the ]wuch secretion. 

Salanl and Kiefer" (1909) administered caffeine subcutaneously to 
doe'.s. Pleven centierraius Avore suflicient to kill the e.xpei'imental animals. 
At autopsy “inflammation and ulceralion of the intestines and cs))eeially 
of the stomach'’ were present. 

In 1933 and 1934. Jlanke’'' ' was able to produce elusions in tbe 
esophagus, stomach, and duodenum using large hypodormie injections 
of caffeine in eats, lie called these “immediate peptic ulcers.” Rvibsc- 
quently, Hanke observed “chronic lAcptic ulcers’’ with caffeine by the 
daily subcutaneous injection of 200 to 300 mg. of caffeine .sodio.salicylato. 
These uleei's Avere superimiiosed upon a .soA’ere gastritis. He noted that 
caffeine caused a sharp increase in the degree of gastric acidity and 
Aulurae. He concluded that he Avas dealing Avilh a “])rimary pc])tic 
ga.stritis occurring in a highly acid gastric juice. Thi.s pou’crful .secre- 
tion leads to erosion. ’’ 

jMolteni," in 1938, noted uleeratiA^c lesions in the rat aa'Iicu injected 
daily AA’ith 10 to 25 eg. of caffeine sodiosalicylate. When giAmn smaller 
doses over a period of seventy days, 40 per cent of tAventy-four I'ats 
developed ulcers. These lesions appeared in the antrum and pylorus, 
lifolteni felt that the hyperacidity of the gastric juice Avas the principal, 
but not the onh' factor involved. 


The studies reported hcrcAvith represent an amplification of the pre- 
liminary report of Jndd® (1942), the Avi’iting and publication of AA'hich 
AA'ork Avas suspended by the exigencies of tlie Avar. 

Recently, Roth and Ivy”- (1944) reported upon the effects of caffeine 
upon the gastric secretions in the dog, cat, and man. Caffeine sodium 
benzoate, 65 to 250 Airg., Avas given by various routes. These inA’-esti- 
gators concluded that; (1) caffeine does not stimulate gastric secretion 
in the dog, (2) caffeine administered by the intravenous route or by 
lavage of the stomach provokes a copious flow of acid gastric juice in 
the cat, and (3) caffeine administered intramuscularly or orally stimu- 
lates gastric secretion in man. 


METHODS OK STUDY AND RESULTS 

I.^ The Production of Ulcers in Guinea Pigs and Cats. — ^Pirst, a sez'ies 
of five guinea pigs Avas rzsed. Daily, each expeidmental animal Avas 
injected intramnscularly with 200 mg. of caffeine alkaloid in beeswax 
The preparation was in accord Avith the method desciibed by Code and 
Vareo"- for liistamine in beesAA'ax. Caffeine was substituted for histamine 
m their formula. The caffeine alkaloid in beeswax mixture was pre- 
]iarcd freshly each day. 
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After the initial injeelion, the guinea pigs ))ocaine lethargic, anorexic, 
ajicl, in short, oxhihitcd a .severely toxic stole. None of these iiivimls 
sin’vived the fifth infection (see Table I). 


TAnix I 
GtrtXEA Pir.s 


xo. 

SOI'.VIV.M. DAY.S 

AiTorsY i!Esi;i/r.s 

1 

• ) 

Xegafivo 

O 


Negatiw 

r» 

.*) 

Negative 

4 


JCegalive 

5 

4 

Jliifl ga.'-triti.*!; inoderatc iliimlenifi.s 


DosaKe; 200 mg', of caffeine .alkaloid In bcc.wax intramuscularlj' daily. 
Average weight; 97 C Gin. 


Only one of the guinea pig.s (Pig 5) .showed any suggestive gastric 
pathology. Becau.se of tlie drug toxieity in flie do.sagc given mid the 
short survival period, the restills obtained are of little or no value. Con- 
sequently, the dosage was reduced. A .series of ten guinea pigs was 
used. Daily the.se animals were injected intramuscularly with 100 
mg. of caffeine alkaloid in beeswax. This mixture was prepared as 
prcviou.sly described (see Table II). 

Table II 


Gvixea Pics 


NO. 

.Si'KVIVAL DAYS 

AUTOr.SY r.KSUT.TS 

1 

1 

Negative 

2 

O 

(I 

Sli.nllow erosion .8 mat. in (li.anieter; 8 aim. distal to 
pylorus 

o 

o 

5 

Shallow erosion in the fundus 3 mm. in diameter; 
a duodenal ulcer ?> mm. in diameter, 4 mm. dis- 
tal to the p.vlorus 

4 

5 

Multiple shallow hemorrhagic ulcers throughout the 
stomach but particularly in the corpus 

5 

7 

Negative 

(i 

10 

small mucosal hemorrhages in the corpus; no ulcer 

7 

5 

.Shallow erosion in the pylorus 

8 

7 

Multiple small mucosal antral hemorrliages; no ulcer 

D 

10 

One small submueo.sal hemorrhage in the corpus; no 
ulcer 

10 

10 

One small submucosal antral hemorrhage; no ulcer 


Dosage: 100 mg. of caffeine alkaloid in beeswax intramuscularly daily. 
Average weight; S90 Gm. 


The survival time was prolonged somewliat and the incidence of gastro- 
duodenal pathology was increased markedly. Eight of the ten guinea 
pigs (80 per cent) exhibited upper gastrointestinal patliologj’. These 
changes varied from small mueosal hemori’hages to definite ulcer pi’odue- 
tion. Pour of the guinea pigs (40 per cent) developed erosions or ulcers 
(see Pig. 1). 

Next, a series of twenty-six cats similarly was injected daily with 
300 mg. of caffeine alkaloid in beeswax. All injections were made 
intramuscularly. These animals tolerated the drug fairl}’^ well. Some 
hyperactivity and excitement were noted after the initial injections; 
however, terminall.y, a state of letliargj' ensued. Fourteen of the twenty- 
six cats (53.9 per cent) exhibited gastric and/or duodenal patholog3 

(see Table III). , ^ , n- 

Nine eats developed ulcers. These ulcers were punched out, sharplj 
defined, and in several instances multiple lesions were present. The 
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lesions M'erc similar in all rcvspccts lo the “peptic'" nlcei's fonncl in man 
(see Fig. 2) . 

II. Studies on Dogs With Giistric Pouches.— Desh-oxis of establishing 
t!ic effect of caffeine on gastric secretions, poneii dogs were injected sub- 
cutanconsly with various doses of fresidy ])repared solutions of aciueous 
caffeine citrate and aqueous caffeine alkaloid. Both drugs are 50 per 
cent .solutions of caffeine. 

These pouch dogs had been standardized, fasting for five consecutive 
hours on three separate occasions. In tiiis manner, a mean standard 
fasting curve was established for each animal. Routinely, food pans 
were removed seventeen hours prior to experiments, although water was 
allowed the dogs up until but not during the testing period. All dogs 
were given one or more days' rest between experiments. Identical diets 
were maintained on regular feeding schedules during the resting days. 



Fig. 1. Fig-. 2. 

Fig. 1. — Guinea pig 4. Table II. Multiple shallow hemorrhagic ulcers were pro- 
duced in the guinea pig throughout the entire stomach attending the daily intramus- 
cular injection of 100 mg. of crude caffeine alkaioid in beeswax for five days. 

Fig. 2. — Cat 24. Table III. This experimental animal was injected intramuscularly 
daily for twelve days with 300 mg._ of crude caffeine alkaloid in beeswax. Several 
hemorrhagic erosions were present in the corpus of the stomach. The antrum re- 
vealed two punched out ulcers. In the duodenum, submucosal hemorrhages were 
observed. 


In thc.se experiments, poiicli juice ivas collected under similar condi- 
tions for one hour, from 9 to 10 and this was used as the fasting 
sample for tliat experiment. Freshly prepared aqueous caffeine alkaloid 
(300 to 1,200 mg.) was injected subcutaneously. Subsequent hourly 
samples were collected in clean test tubes. No attempt was made to cor- 
relate dosage with body weight. 

At the eonelusion of the experiment, each hourly sample was titrated 
with 0.1 XaOII. using Toepfer's .solution and phenolpiithalein as indica- 
tors for free and total acid. Volumes w< '“^-'.sin-ed to .1 centimeter./ 

1 ■' 


654 


SUHOEUy 


Tahle ITI 


Cats 


xo. 

•Srr.VIVAT. DAYS 

AUTOI’.SV IlESri.T.S 

1 

23 

Antral ulcer; duodenal ulcer 

O 

rt 

lAtiear nntral tilcer 


15 

Xegative 

to 

4 

Xcfuitire 

tl 

16 

Multiple siujill licmorrliagcf: in the fundus; 2 antral 
nlcor.s (4 nun.: 3 mm.) 

12 

22 

3 linear antral erosions 

la 

24 

^fiiltiple loii", deep linear ulcors in (he eorpu.'-’; 2 
antral ulcers 

14 

28 

Negative 

i.i 

4 

Xegative 

10 

14 

.Scattered duodenal petochiae; no nicer 

17 

0 

Ne"ative 

18 

.> 

Negative 

19 

10 

3 mm. shallow hemiirrlmgic antral ulcer; 2 tiny 
erosions about the ulcer 

20 

15 

Negative 

21 

11 

Multiple pinhead subnuico.'-al duodenal hemorrhages 

oo 

0 

Negative 

2;; 

10 

3 irregular siibrmico.sal hemorihagcs in the nnfnira 

24 

12 

2 punched out anfr.al iilcer.s (4 mm.; 5 mm.). Mul- 
tiple small oro.sions in the eorjms; siibniuco.sal 
duodenal hemonhage.-^ 

25 

1.1 

A'egativc 

20 

0 

Hevero hemorrhagic gn.strilis and .scattered ero.«ion.s in 
the corpus 

27 

11 

Negative 

2S 

s 

Propvlorie ulcer 

20 

1 

Negative 

.30 

11 

Multiple gastric ulcers; moderate gastritis 

31 

10 

Antral ulcer: antral erosion 

32 

1 

Negative 


Dosafro; 300 mp. of caffeine alkaloid in becstt-a.\ intriunuscularly ilaily. 
Avcrase cat weight: 6.3 pounds. 


Twenly-two experiments were performed on nine poncii dogs. A 
difference of 20 degrees of free acid between the dogs’ fasting sample 
and tlie free aeid during the subsequent four liours was arbitrarily 
chosen as our criterion for a stimulation or depression effect. In some 
experiments, the variation of free acid was less than plus or minus 
20 degrees from the dogs’ fasting free aeid level. Such an occurrence 
was considered as not being a significant change. In other experiments, 
the dogs’ fasting free acid level was 0 degrees and remained so through- 
out the procedure. In tliis last type of result, one can state only that 
no stimulating effect occurred; obviously, a depressant effect cannot be 
excluded. 

Tabi.e IV 

Heidexhaix and Pavlov Porcii Dog.s — The Eefect of Aqueoi s Caffeike 
C lTHATE ox Povrii SEVRETIOA'S 


^'0. 

WEIOIIT 

(LB.) 

DOSE or 
t'AFKEINE 
(Ma.) 

route effect 


117 P 

34 

ISO 

Subcutaneously Fasting at 0, and 

re- 




mained 0 


20 H 

49 

300 

Subcutaneously Depression 


9 H 

42 

300 

Subcutaneously Fasting at 0, and 

re- 




mained 0 


20 H 

49 

300 

Subeutaneou.sly Fasting at 0, and 

re- 




mained 0 


132 H 

45 

000 

Subcutaneously Depression 


110 P 

40 

000 

Subcutaneously No significant change 



H — Hcidenhain pouch dog. 
P — Pavlov pouch dog. 
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In most of llicsc oxpcrimcnis, no sipnifioHnl (Oiiinjics in llio volume of 
the pouch scevetions wove noted. A(}ucous ciiffcinc citvotc in dosages of 
150 , 300 , and 600 1115?. was injeefed suheulancoiisly in six experiments 
(see Table IV). No sliiiuilation off eel on f>asti-ic aeidifj^ Avas noted in 
any instance. 

Using com])arablc dosages of a(incon.s caffeine alkaloid, somewhat 
similar results Averc noted. IfoAvever, aa'Iiou do.sages of 1.200 mg. of 
aqueous caffeine, alkaloid Avere injeeted subeutancously, a stimulation 
effect of pouch acidity Avas ob.served in four of six experiments (66% 
lAcr cent). It usually occurred during tlic third and fourth hour after 
the administration of tlic di'Ug. No toxic symptoms Avcrc noted in any 
instance Avith this dosage. No important difi'erential response in pouch 
secretions Avas noted betAA’cen the Hcideiihain (vagus destroyed) and 
PaA-lov (A-agus intact) pouch dogs (.see Table Y A). 


TAni.K V 


Heideniiaix axd PAVI.0V Potrrir Don.s— The ErrECT or Aqueou.s CArraixE 
Aekai.oii) on Pouch Recketions 


NO. 

WEIGHT 

(LB.") 

HOSE 

fMC.) 

Jiorri: 

EFFECT 

11 p 

4.1 

300 

Subcutaneou.xly 

Fa.sting at 0, and re- 
mained at 0 

15 P 

56 

300 

Subcutaiicouslv 

Stimulation 

no p 

40 

000 

Subcutaneou.sly 

No .significant change 

128 H 

42 

GOO 

Subeutaneou.sh’ 

Depre.ssion 

18 P 

48 

000 

Subeutancously 

No significant change 

117 P 

40 

GOO 

Subeutaneou.sh’ 

No significant change 

16 P 

69 

600 

Subcutaneously 

Pasting at 0, remained 
0 throughout 

125 P 

54 

COO 

Subcutaneously 

Fasting at 0, remained 
0 throughout 

9 H 

43 

600 

Subcutaneously 

Dcpre.ssion 

129 H 

52 

000 

Subcutaneously 

Stimulation 

20 H 

49 

1,200 

Subcutaneously 

Stimulation 

18 P 

4S 

1,200 

Subcutaneou.slj’ 

Stimulation 

11 P 

43 

1,200 

Subcutaneoush' 

Fasting at 0, remained 
at 0 

Stimulation 

20 H 

49 

1,200 

Subcutaneously 

132 H 

45 

1,200 

Subcutaneously 

Stimulation 

132 H 

45 

1,200 

.Subciitaneou.sly 

Bepres.sion 


Table Y B 

The Efi'ect of Caffeine Alkaloid in Beesavax on Pouch Secretions 


NO. 

dose (mg.) 

ROUTE 

EFFECT 

44 H 

2,500 

Injected dailj’ 
secutive days 
larly 

for 4 con- 
intramuscu- 

stimulation 

16 P 

2,500 

Injected daily 
secutive davs 
larly 

for 4 con- 
intramuscu- 

Stimulation 

20 H 

2,500 

Injected daily 
.secutive days 
larlv 

for 4 con- 
intramuscu- 

Stimulation 

11 P 

2,500 

Injected daily 
secutive days 
larly 

for 4 con- 
intramuscu- 

Stimulation 

254 P» 

2,500 

Injected daily 
secutive davs 
larlv 

for 4 con- 
intramuscu- 

Stimulation 

2 SO P 

2,500 

Injected daily 
secutive davs 
larly 

for 4 con- 
intramuscu- 

.Stimulation 


In Mibjected to the same e.xperiment on two occasion.^, 

'lam r?suUs wcle th?'?imo' tvas substituted for the caffeine alkaloid. 
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Alllioujrli lliis (losajic of caffeine seems higli, it is about onc-lialf of 
tlie dosage, calculated ou the ba.sis of wciglil, administered daily (in 
bee.snvax) to the cals cxliibiling gaslric or duodenal ulcer.s. Computed 
upon the basis of milligrams per Itilogram of average body ■weight of 
both eats and pouch dogs used, an equivalent dosage of caffeine in pouch 
dogs of average weigh! would be approximately 2,r)00 mg. Tn the light 
of this calculation foui' Pavlov and two Ileidcnhain pouch dogs were 
in.iccted intramuscularly with 2,u00 mg. of fre.shly prepared caffeine 
alkaloid in beeswax for four consecutive days (see Table Y B). 

These pouch dogs were injected at 9 a.:m. and four one-hour .samples 
of pouch secretions were collected. Tliese samples were titrated for 
free and total acid as jireviously described. At 1 r.>t. the animals were 
returned to their cages and given identical diets and wate7'. At 5 
p.M. the food pans wei'o removed, although water was allowed up until 
the test period of the following day. This ])roccdui'c was repeated on 
four consecutive days. 

Tn each instance (sec hhg. 3) a scvci-o stimulation effect was noted 
with a marked increase in free acid and volume of the pouch secretions 
after an initial fall in values. Tn Do.irs 20, 44, aiul 16, a decrease in the 
expected rc.sponso after tlie third injection of ll)c drug sugge.sts some 
defect in the preparation injected that day. On the following day, the 
injections evoked once again tiie re.sponse previou.sly observed. During 
this four-day tost period no .symptoms other Ilian mild anorexia and 
lethargy were noted. 

The injections of this same material without caffeine in other pouch 
dogs evoked no significant sccretoiw re.sponse. 

Throe experiments with two Pavlov jiouch dogs were carried out by 
injecting intramuscularly 2,500 mg. of caffeine alkaloid in bee.swax ac- 
cording to the plan previou.sly described. ITowever, daily when the 
samples were collected, at the iieak of the caffeine stimulatoiy response, 
atropine sulfate, gr. Vido. ''vas injected inti’amusculaiTy at a different 
site. Although the re.sponse was .somewhat le.ss than anticipated for the 
following two or three hoii.'s, the stimulatory effect of caffeine could 
not be inhibited. These results arc tabulated in Table V B but were not 
included in T''ig. 3. 

Roth and T^’J•^ Avere unable to demonstrate a gastric secretory response 
in dogs by the subcutaneous, intramuscular, and intravenous routes 
with 250 mg. of caffeine sodium benzoate. They observed a stimulatory 
re.sponse in cat and man. These inA'ostigators implied that a species 
difference might be present. Their results are not in accord with our 
own experimental data. It is true that in the smaller dosages used, no 
stimulatory response is produced. ITowever, in our experiments, when 
dogs (on the basis of body weight) were given caffeine in the magnitude 
of that dosage necessary to produce ulcers in cats, a definite severe 
stimulatory response of gastric acidity and volume was recorded. 

ITT. Effect of Caffeine on Gastric Becretion in Man . — Having estab- 
lished the fact that caffeine does stimulate gastrie acidity and is capable 
of producing xilcers in smaller animals, an attempt xvas then made to 
study the effect of caffeine on hum.v.r gastric acidity. Obviously, to be 
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oC significance, llie dosage of cafl’cinc adminislovcd had to lie in Ihc 
range of lhal. ingest cd in everyday activity. Coffee, a universal lieverage, 
was chosen as the test substance. Coffee is known to contain ingredients 
other than caffeine. Tliese substances are present, liowever, in minimal 
amounts. As all the pharmacologic actions of this beverage are essen- 
tially those of the alkaloid caffeine, in all probability the effect on 
gastric secretion can be attributed directly to the caffeine content. The 



coffee was used directly from the University Hospital's kitchen at a 
time when it was being served throughout the hospital. 

Patients were chosen at random without reference to age, drinking 
habits, or primary disease. A light dinner was given the evening before 
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A total of nineteen sucli experiments were carried out. In foitrteen 
fest.s (73.60 per cent) a definite stimulatory effect on gastric acidity 
and volume was noted. 

For convenience tlic.se exj)eriment.s have been grouped into the follow- 
ing categories: 

1. Two cup.s of cold black coffee by mouth. 

2. Two cups of hot black coffee by moutli. 

3. Two cups of cold black coffee through the na.sal tube. 

4. Two cups of hot black coffee througli the nasal lube 
(sec Figs 4, 5, 0, and 7). 



Pig 5 In these four patients two cups of cold black coffee were injected into the 

stomach "through the nasal tube. The patients had no knowledge as to the tj^pe of 
material instilled. In three experiments a stimulatorj' response was evoked. Occa- 
sionally a secondarj- or late stimulation of free acid and volume was observed. This 
also was noted in other tests. 
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111 each separate category a stiniulaloiy effect was noted in the 
inajorily of instances. Tlie severest stimulation effect was obseiwed in 
those cases in which cold black coffee was given by month ; these results 
wore approximated by the group of patients receiving cold black coffee 
by nasal tube. The stimulation of acid with hot black coffee by nasal 



Fig-. 7. — Two cups of hot black coffee ivere instilled by nasal tube into the stomach. 
Two patients, (L.S. and L.H.) three hours after the injection, began to show a sec- 
onciary rise m free acid observed previously. One patient (A'.S.) revealed no free 
acid throughout this test. tVe were unable to establisli later his response to liista- 
mine. Perhaps this patient was achlorhydric. 


tube Mas not as marked as in those patients alloM’ed the hot coffee by 
iiioiitli, although large volumes of gastric juice were secreted. In the 
main however, the stimulation of acid in these groups M'as not of the 
same magnitude as the stimulation noted in the groups in which cold 
coffee was used. 
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Tlicn, seven patients wei'o tested in the same manner as previously 
described. In addition to two cups of cold black coffee by mouth, tlicse 
patients were injected intramu.senlarly witli ati-oi)ine sulfate, gv.y-;r,. No 
constant decrease of the stimulatory oflect was observed, although there 
was a temporary decrease in certain instances, 



Pig. 8. — ^These tests were carried out by Injecting subcutaneously or intramuscu- 
larly aqueous caffeine alkaloid and caffeine sodium benzoate. Both drugs contain 
50 per cent caffeine. A moderately severe stimulation of gastric free acid was noted 
in seven of the eight experiments carried out. The only exception was a patient 
(R.C.) who had a proved duodenal ulcer. Caffeine sodium benzoate, 976 mg. (gr. 15), 
intramuscularly produced no stimulation of gastric secretions. 


To strengthen further our hypothesis that tlie stimulatory effect on 
gastric secretions obtained in liuman beings with coffee was due to the 
caffeine present, tlie following exjieriments were carried out. 

These tests reduplicated in all details the experiments with coffee 
with two exceptions, namely; (1) tiiat continuous nasal suction was 
applied throughout (a lapse of one-half hour occurred after coffee was 
given), and (2) that after the two one-half hour fa.sting .specimens were 
obtained, synthetic caffeine-containing drugs were injected subcu- 
taneousl 3 ^ intramuscularly, or intravenously. 
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Fourteen such experiments ■were performed. . Tlirec experiments 
were unsatisfactory. In one patient’s “gastric” samples the material 
obtained Avas heavily colored with bile. This suggested that the nasal 
tube Avas in the duodenum. 'TAAm indiA'iduals revealed no free acid 
tliroughout tile test period Avith caffeine. Subsequently these patients 
Avere tested Avith histamine. Both Avere completely achlorhydric. There- 
fore, these results Avere discarded. 



Pig. 9. — Both patients injected with 488 mg-, (gr. 7 ss) of caffeine sodium benzoate 
intravenously revealed a sUmulatory response. No untoward reactions were noted. 

The eleven experiments considered to be satisfactory can be grouped 
as follows : 

1. Three patients receh^ed 300 mg. of aqueous caffeine alltaloid subeu- 
taneousl}". 

2. Five patients receit^ed 488 (gr. 7 ss) to 976 mg. (gr. 15) of 
caffeine sodium benzoate intramuscularly. 

3. Two patients receit^ed 488 mg. (gr. 7 .ss) of caffeine sodium benzoate 
intraA'cnously. 

The cmde caffeine alkaloid Avas dissolved in physiologic saline. One 
cubic centimeter contained 1 mg. of caffeine alkaloid. This .solution Avas 
aiiloclaA^ed by the method used in sterilizing all parenteral fluids in this 
hospital. This Avas administered as a hypoderinoclysis into the thigh. 
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The caffeine sodium benzoate injceled intramuscularly %vas prepared 
on the ^vards in the usual manner. This U'as administered into the 
deltoid muscle by means of an intramuscular needle. Tlic intravenously 
administered caffeine sodium'^bonzoate was dissolved in 10 c.c. of saline 
solution and injected into the antccubital vein. 

Aqueous caffeine alkaloid and caffeine sodium benzoate contain 50 per 
cent of caiTeine. Therefore, the actual amount of caffeine injected is 
one-half of the total dosage of the caffeine sodium benzoate or caffeine 
alkaloid admini.stcred. 

In nine of the ten experiments performed (90 per cent), a definite 
stimulation of the gastric acidity was produced (sec Pigs. S and -9). 
There was oeea-sionallj* a marked increase in the volume of gastric juice. 
This was the exception rather than the rule. In general, there was a 
sbght to moderate increase in the volume of gastric juice seei-eted during 
the test period. In one instance, 996 rng. (gi'. 15) of eafteine sodium 
benzoate injected intramusculai-ly evolced no stimulatorj” response. 
This occurred in a 30-yeai’-old patient (R. C.) who had a proved duo- 
denal ulcer. ..fMthough the usual response was not noted, this patient 
complained of epigasti'ic pain. No significant side effects were noted 
in the other patients. 

SUMMARY 

"When 200 mg. of crude caffeine alkaloid in beeswax were injected 
daily intramuscularly in a sei’ies of five guinea pigs, the toxic manifesta- 
tions were so severe tliat death ensued too rapidly for any satisfactory 
data to be obtained. However, in a series of ten guinea pigs in which the 
dosage was reduced to 100 mg. of caffeine alkaloid in bees^vax injected 
in a similar fashion, eight (80 per cent) guinea pigs developed some de- 
gree of upper gastroduodenal pathology. Four (40 per cent) exhibited 
“peptic” erosions or ulcers. Microscopically, these are typical ulcers 
similar to those found in man superimposed on a moderate to severe 
gastritis. 

Cats receiving intramuscularly 300 mg. of caffeine alkaloid in beeswax 
daily exhibited upper gastrointestinal pathology in fourteen of twenty- 
six animals. Eleven of these eats (40 per cent) developed “peptic” 
erosions and/or definite ulcers. 

In standardized pouch dogs, the subcutaneous injection of aqueous 
caffeine citrate and aqiieous caffeine alkaloid in dosages up to 600 mg. 
produced no significant change in pouch acidity and volume. How- 
ever, when the dosage of caffeine alkaloid was increased to 1,200 mg. 
a definite stimulation effect of pouch acidity and volume was observed. 

This dosage in dogs was computed to be approximately one-half of 
the dosage used to produce ulcers in cats on the basis of milligram per 
Idlograms of body weight. Consequently, four pouch dogs were injected 
with 2,500 mg. of caffeine alkaloid in beeswax intramuscularly for four 
consecutive days. A marked increase of pouch acidity and volume oc- 
curred. 

These latter results suggest that the ulcers produced in cats by the 
injection of caffeine alkaloid in beeswax may well be explained on the 
basis of the stimulation of free acid. 
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Nineteen experiments were conducted on human beings. To evaluate 
the effect of coffee on gastric acidity and volume, these tests were devised 
to control the possible thermal and ps 3 >-ehie effects of tlie coffee. The 
ingestion of cold coffee produced the most strildng results. It is possible 
that the increased temperature of the liot beverage inhibited to some 
degree the gastric secret or j' response. Psychic stimulation appeared 
to be of no real significance. In eleven instances (73 per cent) a 
definite stimulatoiy effect on gastric acidity was observed. Tlie varia- 
tion in the volume of gastric juice Avas not striking. 

In nine of ten experiments (90 per cent) in man, a striking stimula- 
tory response of gastric aciditj- was observed Avhen caffeine-containing 
drugs were administered parenterally (aqueous caffeine alkaloid, 300 mg. 
and caffeine sodium benzoate, 488 to 976 mg.). 

Computed on the basis of milligram per Idlogram of bodj”- weight, the 
dosage of aqueous caffeine alkaloid or caffeine sodium benzoate necessary 
to produce a stimulation of gastric acidity in man is approximatety 4.3 
mg. per kilogram of bodj* weight. In guinea pigs plus-minus 200 mg. 
of crude caffeine allraloid (in beesu'ax) per kilogram produced ulcers; 
in eats approximatelj’’ 104.8 mg. of the same material per kilogram 
were necessary for ulcer formation. In pouch dogs (average Aveight 20 
kilograms) a total dose of 1,200 mg. of aqueous caffeine alkaloid Avas 
needed to CAmke a stimulation of gastric secretions in the majority of 
experiments. This is approximatety 60 mg. of drug per Idlogram. This 
dosage is tAA^elve times the amount AAdiich regularlj^ produces a moderately 
severe stimulation of gastric acidity in man. It is apparent that man’s 
gastric seeretor}'’ mechanism is exceedingly sensitive to caffeine stimula- 
tion. It is undoubtedly much more sensitive to the caffeine effect than 
is that of the dog. Further comparisons of dosage on the basis of bods^ 
Aveight suggest also that man’s gastric secretory apparatus is probably 
more sensitiA’^e to caffeine than both the guinea pig and the cat. 

No important differential response in pouch secretion was observed 
in any experiments between the Heidenhain (vagus destroj’-ed) and 
PaAdov (vagus intact) pouch dogs. The fact that a stimulatory effect 
was noted in the Heidenhain pouch dogs suggests that the vagus nerve 
is not necessary for the production of this effect. However, in Pavlov 
pouch dogs and in human beings, atinpine sulfate se4ms to produce a 
minimal temporary depression in pouch and gastric secretions in certain 
instances. Therefore, the stimulatoiy effect of caffeine must occur 
mainty bj' direct action on the parietal cells of the stomach. 

CONCLUSIONS 

1. Tj-pieal “peptic” ulcers were produced in 40 per cent of guinea 
pigs and cats by the daity intramuscular injections of caffeine alkaloid 
in beeswax. 

2. The subcutaneous injection of 1,200 mg. of aqueous caffeine alkaloid 
in pouch dogs caused a stimulation effect of pouch acidity and volume 
in 66% per cent of the experiments. Similarly injected smaller doses 
of aqueous caffeine citrate and caffeine alkaloid produced no stimulation 
effect. 

3. Pouch dogs injected Avith 2,500 mg. of caffeine alkaloid in beesAvax 
for four consecutive da 5 's exhibited a marked and prolonged increase 
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of free acidity and volnine of the pouch secvelions. This dosage in dogs 
Ava.s. equivalent to the dosage used to produce ulcci's in cats. Thi.s .sug- 
gests that the nicchani.sin of ulcer ])voduction with caft'eine is related 
to the increased production of free acid. 

4. In 73 per cent of the human heings tested, two cups of black coffee 
caused a definite stimulatory effect on gastric, acidity and volume. In 
all probability this can he attributed to the caffeine content of the 
coffee. 

5. In 90 per cent of the human licings tested, aqueous caffeine alkaloid 
and caffeine sodium i)en7.oate in 300 to 976 mg. do.ses evoked a moderately 
severe .stimulation of gastric acidity and to a lesser degree volume, when 
administered subcutaneously, intramuscularly, or intravenously. 

6. The gastric secretory jucchani.sm in man is very scn.sitive to caffeine 
.stimulation, much more so than that of the dog. and possibly the guinea 
pig and cat. 

7. The .stimulation effect observed with caffeine on the gastric and 
pouch secretions in man and dogs is mediated mainly through direct 
action oji the parietal colls of the stomach. The effect of caffeine on 
gastric secretions apparently is not mediated through the vagus nerves. 

8. These results suggc.st that the use of caffeine-containing beverages 
is contraindicated in the ulcer patient. 
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THE PBDICLED JEJUNAL TEANSPLANT ONTO THE 
GASTRIC WALL 

Evaluation of Its Effect Upon Gastric Acidity and Failure of Such 
Transplants to Afford Protection Against Ulcer Provoked 
BY Histamine in Beeswax 

Fred Kolouch, Jr., M.D.,* Alfonso T. S. Dubus, M.D.,f and 
Given H. Wangensteen, M.D., Minneapolis, Minn. 

(From the Department of Surgery, University of Minnesota Hospitals) 

A ndrus and his associates have devised a surgical teeimique which, 
according to their observations, proved valuable in the treatment 
of experimental!}’- produced ulcer in the dog as well as in the surgical 
management of spontaneous!}’- occurring acid-peptic ulcer of man. The 
operation consists of creating a defect in the gastric wall and implanting 
into it a short segment of jejunum, pedicled on its own blood supply. 
This transplant functions as a mucosal graft. The continuity of the 
jejunum is re-established b}’" end-to-end anastomosis. 

In experimental studies on dogs, Andnis and his associates^'" report 
that the jejunal graft caused a reduction in gastidc acidity and an eleva- 
tion of the pH of the gastric wall. The effects of the potent secretogogues, 
histamine and alcohol, were nullified they obsexwed, and in some in- 
stances even revei’sed. The experimental production of peptic ulcer by 
the histamine and beeswax method was prevented, and on one occasion 
previously induced duodenal erosions healed in the face of continued 
postoperative stimulation. Quantitative studies showed an actual reduc- 
tion of acid production of the parietal cells of the stomach and a slight 
increase in nonparietal secretion. 

These investigators studied the mode of action of the implanted 
jejunal graft by instilling jejunal washings, obtained through a Thiry 
fistula, into the stomachs of dogs. The resulting diminution of acid 
secretion following histamine stimulation, they concluded, indicated the 
presence of an acid-controlling agent in the jejunum. Pedicled grafts 
which were taken from the jejunum proved to be more effective in in- 
fluencing gastric acid secretion than duodenal grafts, which had only a 
slight effect; ileal and colonic segments were valueless. Gastrojejunos- 
tomy in dogs, they found, failed to influence gastric secretion, whereas 
the conversion of the parastomal mucosa into a pedicled graft caused a 
typical I’cduction in acidity. 

In the clinical application of the jejunal graft operation, tliey observed 
reduction of hyperacidity in three out of a total of four patients. The 
fourth patient showed clinical improvement with no concomitant change 
in acid secretion. 

The rese.irches presented here were supported by grants of the Citizens' Aid So- 
ciety. tl>e Augustus L. Soarle and tlie Graduate School of the University of Minnesota. 
•Feilow of the National Cancer Institute, Bethesda. Md. 

tFellow from one of the American Republics ivorkinff at University of Minnesota 
Hospitals through the Inter-American Student and Professor Exchange at IVashing- 
ton, D. C. 
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F.g. 1 

SERIES 1 



Procedure h~9-4Z autopsy 2-16-44 


DAILY INX 50 MG. hist IN 
beeswax started 1-3-44 


Expekiment 1 

Series 1, Dog 41. Jlongrel male, weight SG pounds (Fig. 1 ) 

10/22/43 Distemper vaccine given 

11/ 9/43 Jejunal graft operation 

1/ 3/44 Daily injections 30 mg. of histamine in beeswax started 
2/16/44 IVeight 31 pounds, lost 5 pounds^ general condition fair, 
sacrificed 


D.\TE 

12/14/43 


12/15/43 


12/17/43 


Fesults of Gastric Analyses 


s^srrLE 

YOI/UilE 

FREE ACID 

TOTAL ACID 

pH 

(HK,) 

(ac.) 

(degrees) 

(DEGREES) 

Fasting 

9.5 

4.49 

10.13 

4.51 

¥> 

24.5 

118.08 

128.44 

1.54 

1 

5.4 

8.17 

16.34 

3.32 


5.3 

0 

6.46 

6.41 

2 

11.0 

2.04 

16.34 

6.54 

Fasting 

44.0 

0 

12.25 

6.9 


51.5 

60.85 

72.90 

1.36 

1 

16.0 

62.49 

77.80 

1.44 

^Vj 

7.0 

21.03 

49.01 

1.64 

2 

11.0 

2.04 

10.41 

6.18 

Fasting 

33.0 

l.C 

11.6 

7.19 


29.0 

71.5 

82.7 

1.23 

1 

17.0 

51.1 

91.3 

1.44 

1% 

4.7 

0 

11.0 

7.28 

2 

24.0 

0 

5.9 

7.30 

Fasting 

0.8 

0 

24.25 

8.55 

y> 

49.0 

85.76 

100.06 

1.58 

1 

24.0 

43.09 

67.18 

1.50 

V/> 

15.0 

1.84 

24,10 

4.05 

2 

3.8 

8.75 

30.93 

2.14 


12/21/4; 
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SERIES 1 
DOG# ■^2. 


Jeiufial 



Hemornha^ic 





duodenitis'^ / 

v Excd-Vated. ulcer 

^ in jej. ^ra.Ptj v/ol Eocc, 

^ ) sealed off by liver 
J J omentum and diaph. 


f^^Ana.sb.^ J) 

I 21 cm from 

' li^. Tneitz. 

PROCEDURE (1-10-43 

daily INJ 50M6H1ST. in 
BEESWAX STARTED 1-3*44 


AUTOPSY 2-16-44 


Experiment 2 

Series 1, Dog 4S. Mongrel male, weight SO pounds (Fig. 8) 
11/10/43 Jejunal graft operation 

1/ 3/44 Daily injection of 30 mg. liistamine in beeswax staitoil 

2/16/44 Weight 40 pounds, dog ill, lost 10 pounds, saeiiflced, au- 

topsy 

SesiiUs of Gasiiio Analyses 


DATE 

SAMPLE 

VOLUME 

FREE ACID 

TOTAL ACID 

pH 

(HR.) 

(C.C.) 

(degrees) 

(DEGREES) 

12/14/43 

Fasting 

15.0 

14.09 

36.55 

1.76 



14.0 

61.26 

75.15 

1.58 


1 

51.0 

89.03 

102.10 

1.55 


iVi 

5.8 

2.04 

6.13 

5.30 


2 

23.5 

30.22 

44.72 

1.67 

12/15/43 

Fasting 

5.5 

1.84 

7.96 

6.56 


% 

50.0 

83.52 

95.97 

1.34 


1 

40.5 

73.51 

79.03 

1.50 ■ 


1% 

9.0 

0 

4.7 

6.96 


2 

3.1 

0 

4.08 

7.46 

12/17/43 

Fasting 

1.2 

0 

9.2 

8.34 


% 

30.0 

38.8 

52.5 

1.51 


1 

42.0 

79.6 

91.9 

1.39 


1% 

17.0 

1.42 

6.1 

6.29 


2 

1.1 

0 

9.2 

8.01 

12/23/43 

Pasting 

7.0 

0 

12.46 

8.06 


Vc 

32.0 

77.60 

91.07 

1.53 


1 

25.0 

73.10 

83.72 

1.46 


1% 

4.1 

1.27 

5.11 

7.10 


2 

13.0 

0.82 

11.23 

7.14 

12/30/43 

Fasting 

7.0 

1.84 

7.76 

5.73 


¥2 

101.5 

85.56 

117.42 

1.18 


1 

75.0 

103.11 

115.99 

1.27 


lYc 

9.5 

0 

19.20 

6.99 


0 ‘ 

2.8 

0 

20.42 

7.67 
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sttrokry 



Series 

11/15/43 
1/ 3/44 
1/23/44 


DATE 

12/14/43 


12/15/43 


12/21/43 


12/23/43 


EXl'EF.IMEKT 3 

1, Dog 45. Mongrel male, meighi 45 pounds (Fig. S) 

Jejunal giaft £ histamine in beeswax started 

Daily injections of 30 mg. ot mstam 

Expired, autopsy 

Results of Gastric Analyses^ 


SAilPEE 

(HK.) 

Easting 

V2 

1 

1 % 

2 

Easting 

Vi 

1 

IVi 


Easting 

Vi 

1 

iVi 

2 

Easting 

Vi 

1 

IVi 

9 . 


VOLUME 

(C.C.) 

G.2 

15.0 

53.5 

32.0 

25.5 

13.0 

63.0 

43.0 

17.0 

5.0 

6.6 

25.5 

3.7 

17.0 

5.1 

1.1 

34.0 

32.0 
4.5 

17.0 


EKEE ACID 
(degrees) 
10.21 
98.02 
113.13 
67.39 
48.60 

1.02 

93.93 

89.85 

63.30 


30.70 


59.42 

59.22 

1.13 

1.02 


total acid 
(degrees) 
24.71 
109.86 
120.27 
77.60 
59.01 

14.29 

102.51 

100.06 

77.60 

S.17 

20.42 

59.01 

20.42 

26.55 

27.57 

10.22 

71.47 

72.70 

6.80 

10.21 


pn 

3.40 
1.49 
1.28 
1.38 
1.61 

6.54 
1.46 

1.54 

1.41 
6.56 

7.02 

1.70 

7.11 

6.73 

7.85 

5.66 

1.46 

1.47 
6.93 
7.64 
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THIS STUDY 

The interesting findings reported hy- Andrus and his associates sug- 
gested that this observed novel effect o£ a small .iejnnal pedicled graft 
on gastric acid secretion should be studied further. Our studies have 
been limited to an investigation of tlie effect of tiie pedicled jejunal 
graft on gastric secretion in dogs. 

Method . — Preparation of the dogs for surgery consisted of deworming 
them with Nema capsules and placing liiem in individual cages. Their 
diet was composed of table scraps Avith a dail.y supplement of prepared 
dog food, 200 Gm. of horse meat, six tablets of brewers’ yeast, and 50 
mg. of ceAutaraic acid. 

Experiment 4 

Series 1, Dog. 93. Mongrel female, weighi £S pounds (Fig. 4) 

1/19/44 Dewormed 

3/ 8/44 Jejunal graft operation 

5/30/44 Daily injection of 30 nig. histamine in beeswax started 
C/25/44 Expired, autopsy 


Fesults of Gastric Analyses 


DATE 

SAMPLE 

A'OLUMB 

TREE ACID 

TOTAL ACID 

pH 

(HR.) 

(C.C.) 

(degrees) 

(DEGREES) 

1/21/44 

Easting 

Ve 

10.5 

0 

30.97 

5.23 


72.0 

105.48 

117.37 

1.17 


1 

10.1 

2.08 

18.34 

5.59 


IVe 

0.7 

20.84 

31.26 

2.53 


2 

1.7 

2.78 

9,03 

5.83 

1/24/44 

Fasting 

0.05 

0 

20.0 

Too small 



83.0 

79.4 

87.53 

1.26 


1 

2.4 

5.0 

19.0 

3.65 


1% 

2.9 

3.6 

20.0 

3.73 


2 

2.3 

0 

9.0 

7.14 

4/ 3/44 

Pasting 

9.7 

0 

10.42 

6.46 


¥i 

30.0 

87.53 

95.03 

1.63 


1 

8.3 

31.47 

47.52 

1.98 


1% 

4.8 

2.08 

9.12 

7.03 


2 

3.8 

0 

12.16 

8.23 

4/10/44 

Fasting 

13.0 

0 

8.34 

6.60 


¥2 

12.5 

53.31 

66.27 

1.54 


1 

13.5 

25.22 

40.01 

1.95 


ly. 

6.3 

0 

6.25 

7.62 


2 

3.8 

0 

5.76 

7.48 

4/17/44 

Fasting 

17.0 

0 

7.29 

7.43 


% 

25.5 

55.23 

04.40 

1.57 


1 

0.1 

52.10 

93.78 

Too small 


1 ¥! 

10.0 

2.29 

10.84 

6.54 


2 

6.2 

0 

7.29 

7.31 

4/24/44 

Pasting 

5.2 

0 

12.30 

7.54 


% 

15.0 

65.23 

83.99 

1.42 


1 

1.5 

41.68 

70.38 

1.85 


• 1% 

7.5 

0 

10.42 

6.54 


2 

11.5 

0 

17.09 

6.59 

5/18/44 

Fasting 

3.1 

7.0 

39.27 

2.41 


Ve 

32.5 

68.62 

.83.01 

1.60 


1 

45.0 

60.68 

70.21 

1.55 


1% 

3.0 

0 

14.58 

0.86 


o 

8.5 

0 

12.44 

6.53 

3/23/44 

Fasting 

0.32 

0 

10.23 

Too small 


¥2 

25.0 

56.18 

66.10 

1.40 


1 

40.0 

91. .36 

101.48 

1.34 


114 

2 

17.0 

62.21 

71.73 

1.43 
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Under strict aseptic surgical technique, tlie jejunal ti'ansplant to the 
stomach Avail Ava.s cariued out in precisely the same manner as descriiied 
bj' Andi’ns. The size of the fxraft and, tlie position from Avhich it Avas 
taken in the small intestine Avill be described in the individual protocols. 

All gastric analyses Avcrc made Avith the aniuial in a fasting condition, 
and A\-ithout the use of anesthesia. The fasting gastric contents Averc 
obtained by means of a .stomach tube, after Avhicli O.ii mg. of histamine 
base Avas administto-ed .snbeutancon.sly, and an asjnration Avas done every 
thirty minutes during the succeeding Iavo hours. The A’olume Avas 
measured and the free and total IICl and pl[ were determined. 


SERtES 1 PjV. 

DOG #93 ^ 



DAILY INJ, OF HIST. IN 
BEESWAX STARTED 5-30-34- 



AUTOP^Y Y->7-44 
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THE EXPERIMENTS 

Three series of experiments were completed on a total of thirteen clogs. 

Series 1 . — The first series of experiments was carried ont on a group 
of ten dogs. Seven were subjected to the jejunal graft operation (Dogs 
41, 42, 45, 93, 94, 95, and 96) and three control dogs (Dogs 58, 59,- and 
60) were not operated upon. Gastiic analyses were made on Dogs 58, 59, 
and 60, postoperativel.y only on Dogs 41, 42, and 45, and both preopera- 
tively and postoperatively on Dogs 93, 94, 95, and 96. Eight dogs were 
subjected to continuous gastric liypei-sceretion by daily intramuscular 
implantation of histamine in beeswax (Dogs 41, 42, 45, 58, 59, 60, 93, 
and 94). Dog 95 sueeumbed after a subtotal gastric pouch operation. 
A Heidenhain gastric pouch containing the pedicled jejunal graft was 
made in Dog 96. 


Experiment 5 

Series 1, Dog S4. Mongrel female, weight 20 pommels (Fig. 5) 

3/ 9/44 Jejunal graft operation 

5/23/44 Triple liistaminc test 

5/30/44 Daily injections of 30 mg. histamine in bceswa.x started 

7/17/44 Sacrificed, autopsy, tolerated histamine very well 


EesiiHs of Gastric Analyses 


BATE 

SAMPLE 

VOLUME 

FREE ACID 

TOTAL ACID 

pn 

(HR.) 

(c.c.) 

(DEGREE.S) 

(DEGREES) 

1/19/44 

Easting 

2.7 

0 

11.40 

7.5 


15.1 

44.18 

60.44 

1.54 


1 

4.0 

8.34 

^ 26.05 

2.26 


IVe 


No sample 




2 


No sample 



1/21/44 

Fustinff 

Ve 

0.6 

0 

17.37 

Too small 


42.5 

95.86 

102.53 

1.28 


1 

0.9 

10.42 

23.15 

Too small 


1% 

3.5 

0 

17.37 

4.37 


2 

1.82 

6.51 

35.17 

Too small 

4/ 3/44 ' 

Easting 

5.7 

0 

7.64 

7.53 


20.5 

56.06 

66.69 

1.78 


r 

30.0 

49.00 

60.02 

1.97 


IV 2 

3.3 

3.75 

14.59 

5.73 


2 


No sample 



4/10/44 

Fasting 

7.3 

0 

10.42 

7.05 


¥2 

5.0 

74.82 

80.86 

1.53 


1 

17.6 

6.25 

16.07 

1.44 


1% 

2.0 

0 

6.25 

7.23 


2 

7.9 

0 

8.96 

7.19 

4/17/44 

Fasting 

7.0 

27.09 

43.56 

1.83 


Ve 

30.0 

91.70 

100.87 

1.46 


1 

4.3 

2.64 

7.53 

6.5G 


IV 2 

4.9 

1.16 

4.03 

6.85 


2 

3.5 

0 

5.21 

7.41 

5/18/44 

Fasting 

6.0 

0 

5.83 

6.92 


% 

17.5 

50.44 

69.6 

1.62 


1 

30.0 

80.87 

95.26 

1.52 


D/e 

18.0 

34.21 

50.18 

1.05 


2 

1.9 

0 

7.12 

7.01 

5/23/44 

Fasting 

15.0 

30.13 

44.52 

1.63 


¥2 

72.0 

52.88 

67.07 

1.50 


1 

42.0 

63.90 

75.62 

1.50 


D/2 

37.0 

71.93 

81.07 

1.40 
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SURGKKY 


Expekisiext G 

Series ], Dog 95. Mongrel male, weight S5 pounds 

2/24/-14 .Tojunnl graft operation, graft G by 0 cm., taben 20 em. 

from ligament of Treitz, ])lacc(] on anterior surfaeo of 
iniilclic third of stomach 

5/ S/-44 Subtotal gastric pouch: dog expired due to shneh, autopsy 


Itesulis of Gastric Analyses 


DATE 

SA>H>I.E 

(m:.) 

VOU:.ME 

(c.r.) 

EHEE ACID 
(DEOnEE.S) 

TOTAI, ACID 
(DEOtiEE.S) 

pK 

1/19/4-4 

Fasting 

9.5 

0 

23.13 

3.21 


Va 

4S.2 

112.33 

120.68 

1.00 


1 

20.4 

120.84 

129.21 

0.88 



1.4 

0 

19.35 

Too .small 


2 

0.2 

0 

41.68 

Too small 

1/21/44 

Fasting 

1..02 

0 

20.84 

3.96 


Va 

97..0 

106.2,8 

116.02 

1.26 


1 

00.9 

101.91 

116.20 

1.17 


IVa 

12.9 

41.08 

72.94 

1.39 


o 

5.0 

0.13 

56.27 

1.53 

1/24/44 

Fasting 

0.03 

0 

100.0 

Too .small 


% 

05.0 

100.00 

114.2 

1.28 


1 

134.0 

15.0 

41.68 

1.65 


1% 

1.1 

28.0 

41.0 

Too small 


2 

0.C5 

5.0 

23.3 

Too small 

4/ C/44 

Fasting 

19.0 

0 

9.76 

6.54 


Vj 

55.0 

76.00 

89.40 

1.55 


1 

32.5 

91.70 

97.95 

1.72 


lyj 

1.0 

5.21 

28.13 

5.93 

4/10/44 

Fasting 

5.1 

0 

15.0 

7.30 


yj 

17.5 

24.80 

41.89 

2.05 


1 

24.6 

20.84 

39.60 

2.14 


m 

8.7 

0 

12.5 

6.65 

4/17/44 

Fasting 

8.5 

0 

6.25 

7.21 


Vi 

60.5 

87.32 

96.07 

1.33 


1 

18.5 

44.81 

58.4 

1.62 


IV’ 

1.0 

0 

6.25 

8.10 


2 

O.S 

0 

13.03 

Too small 
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Experiment 7 

Series 1, Bog 96. Mongrel male, weight S6 pounds (Fig. G) 
2/22/44 Jojimul graft operation 

5/2S/44 Heidenliain pouch operation including jejunal graft 

C/19/44 Gastric pouch analysis 

6/20/44 Tu-enty-four-hour gastric pouch analysis 

6/2G/44 Twent’y-four-iiour gastric pouch analysis 

7/ 5/44 Gastric poucli analysis 

7/ 7/44 Gastric pouch analysis 


Fesitll.s of Gastric Analyses 


DATE 

SAMPLE 

VOLUltE 

FREE ACID 

TOTAI, ACID 

pn 

(HR.) 

(c.c.) 

(degrees) 

(degrees) 

1/19/44 

Fasting 

10.1 

10.21 

81.07 

2.11 

Vj 

80.1 

66.48 

97.95 

1.28 


1 

20.1 

47.51 

81.28 

1.35 


1% 

2 

4.1 

No sample 

17.56 

47.33 

2.85 

1/21/44 

Fasting 

1.69 

0 

10.42 

6.44 


Vi 

43.0 

66.69 

82.94 

1.32 


1 

20.0 

24.80 

50.02 

1.60 


1% 

21.9 

42.70 ' 

68.69 

1.37 


2 

20.9 

62.50 

78.15 

1.30 

4/ 3/44 

Pasting 

4.7 

0 

10.16 

6.97 


Vi 

17.5 

74.61 

83.57 

1.98 


1 

3.1 

3.75 

12.09 

3.40 


IV, 

1.3 

0 

20.84 

6.61 


2 

0.9 

0 

72.94 

Too small 

4/10/44 

Pasting 

11.0 

0 

6.46 

. 7.3S 


Vi 

29.5 

67.73 

82.94 

1.40 


•1 

24.5 

22.92 

39.60 

1.96 


IV 2 

0.35 

0 

59.40 

Too small 


2 

3.5 

0 

71.45 

8.08 

4/17/44 

Fasting 

23.0 

2.50 

10.21 

3.55 


Vi 

35.5 

83.36 

92.53 

1.76 


1 

3.2 

0.70 

6.95 

2.14 


IV 2 

3.7 

0 

5.95 

7.25 


2 

5.1 

0 

5.21 

7.8S 

5/18/44 

Fasting 

6.0 

0 

6.8 

7.31 


Vi 

35.5 

55.02 

64.15 

1.70 


1 

5.5 

0 

7.0 

7.46 


IVi 

9.0 

0 

7.39 

7.33 


2 

3.7 

0 

9.36 

7.56 

5/23/44 

Fasting 

1.1 

18.47 

25.22 

Too small 


V 2 

15.0 

3.3.05 

40.24 

1.73 


1 

1.6 

0 

10.30 

7.99 


IVi 30.0 C6.1 71.54 

Scsults of Gastric Pouch Analyses 

1.37 

6/10/44 

Sample 

1 3.2 

0 

43.04 

4.06 

Stimulus : 

Sample 

2 0.6 

0 

32.28 

Too small 

0.5 mg. 

1 N 

31.0 

109.75 

123.00 

1.09 

histamine 

2 N 

4.6 

96.30 

103.83 

1.25 

subcuta- 

neously 

3 N 

1.5 

38.74 

55.95 

2.20 
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EXI’EniMKNT 7 — Cokt’d 


PATH 

SAMpi.r. 

YOIA'ME 

(nil.) 

(C-O.) 

(V20/4-} 

Pamplc 1 

1.4 

Stimiihi.c: 

Pample 2 

1.0 

."0 inp. 

1 M 

29.0 

histamine 

2 M 

47.0 

in bees- 

n M 

49.0 

wax 

4 K 

.12.0 

intramii.s- 

r. X 

4.81 

culurly 

G K 

10.0 

7 K- 

22.0 


8 Is 

18.5 


n K 

12.0 


10 Is' 

13.0 


n is^ 

21.0 


12 Is 

9.0 


1.1 K- 

1.1.0 


14 K 

18.0 


1.1 N* 

21.0 


1C M* 

17.0 


17 K*' 

20.5 


18 Is” 

4.0 


19 N 

5.0 


20 H 

21.0 


21 Is' 

14.0 


22 X 

8.0 


Mixed .camples 


0/27/44 

Sample 1 

4.4 

Stimulu.s: 

Sample 2 

2.4 

30 mg. 
histamine 

1 Is’ 

1.3.0 

2 

45.0 

in bees- 

3 N 

50.8 

wax 

4 M 

46..5 

intramus- 

5 Is' 

43.0 

cularly 

0 Is' 

20.8 

7 Is' 

20.3 


8 N 

15.0 ■ 


9 Is' 

10.0 


10 Is' 

12.0 


11 K 

5.2 


12 Is' 

7.5 


13 H 

7.8 


14 N* 

1.8 


15 Is'* 

2.0 


16 N* 

2.8 


17 N* 

2.7 


IS 17* 

1.0 


19 N* 

1.2 


20 A'* 

5.3 


21 N* 

1.6 


22 N» 

9.0 


23 K 

No sample 


24 N 

No sample 

7/ 5/44 

Sample 1 

4.8 

Stimulus : 

Sample 2 

2.6 

0.5 mg. 

1 K 

28.0 

histamine 

2 A’ 

3.8 

subcu- 

taneously 

3 A' 

1.0 

7/ 7/44 

Sample 1 

3.G 

Stimulus ; 

Sample 2 

0.42 

0.5 mg. 

1 A' 

20.0 

histamine 

2 A' 

2.9 

subcuta- 

neously 

3 N 

2.1 


VP.EE Arm 

TOTAi- Arm 

pir 

(■pFGEEE.q) 

(prfiEEE.S) 

08.40 

93.00 

1.73 

4-1.12 

87.10 

Too small 

132.12 

125.03 

0.95 

124.00 

1.37.48 

0.89 

122.02 

128.26 

0.99 

137.28 

124.39 

0.S9 

11.5.99 

122.23 

0.96 

120.51 

1 29. 55 

1.07 

120.51 

126.97 

1.00 

307.17 

112.23 

1.04 

90.17 

98.13 

1.04 

113.63 

119.87 

0.94 

78.70 

90.38 . 

1.10 

25.82 

38.52 

1.57 

.32.01 

42.82 

1.51 

77.90 

90.38 

1.23 

44.98 

122.06 

1.40 

0.0.2.0 

31S.7.0 

3.24 

79.02 

114.49 

1.20 

01.33 

134.78 

1.25 

0 

51.11 

2.95 

78.12 

93.61 

1.20 

73.37 

81.56 

1.17 

7-1.89 

81.56 

1.20 



1.26 

0 

15.87 

3.77 

0 

32.08 

7.20 

121.59 

141.82 

0.94 

140.33 

161.18 

0.99 

335.15 

144.18 

0.90 

331.27 

140.1 

0.89 

123.09 

134.5 

1.13 

118.21 

126.75 

0.95 

109.32 

108.14 

1.03 

109.97 

322.09 

0.96 

109.34 

123.09 

0.99 

109.75 

123.90 

0.96 

98.99 

118.58 

1.09 

94.26 

115.50 

1.03 

68.86 

125.89 

1.17 



3.06 



4.00 



4.74 



4.66 

Samples too Idoody to do 

4.30 

free and 

total 

4.12 

acid determination 

4.85 



3.65 



1.28 


0 

27.70 

5.97 

0 

29.05 

5.00 

94.90 

112.12 

1.17 

20.33 

59.70 

1.80 

0 

59,18 

Too small 

0 

53.75 

2.95 

0 

74.24 

Too small 

92.54 

118.82 

1.15 

32.28 

59.83 

1.52 

0 

45.19 

3.51 


♦Bloody samples. 
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' Expebisient S 

Seiies 1, Dog 58, Control dog. 

Mongrel male, weight 35 pounds (Fig. 7) 

1/ 3/44 Dailj- injections of SO mg. histamine in beeswax intramus- 
cularly started 

2/10/44 Sacrificed, autopsy performed 

SesuUs of Gusiric Analyses / 


DATE 

SAMPLE 

VOLUME 

TREE ACID 

TOTAL ACID 

pH 

(im.) 

(C.C.) 

(DEGREES) 

(DEGREES) 

12/14/43 

Fasting 

11,0 

10.01 

01.06 

1.81 


% 

35.5 

140.90 

158.20 

1.40 


1 

15.0 

28.59 

67.39 

1.76 


1% 

5.5 

5.92 

24.50 

3.S5 


3 

0.5 

0 

20.42 

Sample too small 

12/15/43 

Fasting 

37.0 

38.19 

46.56 

1.66 


Vi 

06.0 

102.10 

118.44 

1.24 


1 

50.5 

85.56 

95.57 

1.24 


1% 

1.7 

19.06 

20.65 

2.30 


2 

2.8 

2.04 

7.35 

1.44 

12/1T/43 

Fasting 

4.0 

17.S 

28.07 

2.4 


Vi 

45.0 

110.3 

124.0 

1.54 


1 

15.1 

106.2 

116.4 

1.79 


IV, 

19.0 

26.5 

40.8 

Not done 


o 

0.0 

30.6 > 

46.90 

1.7 

12/21/43 

Fasting 

3.9 

0 

28.28 

7.87 


y. 

06.0 

113.94 

124.97 

1.71 


l' 

23.0 

89.64 

108.23 

1.50 


I’/j 

0.5 

8.17 

30.0.1 

Too small 


2 

1.2 

2.04 

10.21 

Too small 
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suiuir.RV 


Fig. 8 


SERIES 1 
DOG "*^59 
Histamine 
stimulated, 
control 


DA'LY INJ. or 30 
hist, in beeswax 

STARTED 1-3-44 


Duod. ulcer 

cm. m diam.. 




AUTOPSY 2-16-44 




EXPEItniEKT 9 


1/ 3/44 
2/1G/44 


BATE 

12/14/43 


12/15/43 


12/17/43 


12/21/43 


Scries 1, Bog 59, Control Dog. 

Mongrel male, weight 46 pounds (Fig. S) 
ofily injections 30 mg. Wstomine m bees^^ax 
Sacrificed, autopsy 


Seswlts of 


Gastric Analyses 


SAiIPBE 

(IIK.) 

Fasting 


Fasting 

% 

1 

1% 

2 

Fasting 

Vz 

1 

IVj 

2 

Fasting 

V2 

1 

11/2 

2 


VOEEJtE 

(C.C.) 

5.5 

47.0 

52.0 


0.8 

44.0 

8.0 

16.0 

0.8 

4.5 

54.0 

44.5 
3.0 

3.0 

10.0 

72.0 

25.5 
13.0 

2.5 


I BEE ACID 
(DEGBEES) 
42.27 
140.00 
134.77 
1.84 


0 

79.43 

7.06 

9.60 

0 

0 

57.2 
81.7 

6.9 

0 

0 

95.02 
83.93 
26.55 

0 


TOT.'E ACID 
(DEGKEES) 

63.10 

156.21 

146.00 

5.92 


12.25 

101.09 

40.04 
17.97 

4.08 

20.4 
S5.8 

100.06 

18.7 

10.21 

40.43 

114,56 

97.81 

41.04 

20.42 


% 

1 

IV2 


No .specimen 


started 


pH 

1.60 

1.38 

1.39 
5.96 


7.10 

1.40 

1.61 

5.13 

7.00 


7.11 

1.74 

1.54 

3.05 

5.99 

7.17 

1.38 

1.65 

1.85 

7.01 
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Series 1, Bog 60, Normal Control. 

Mongrel male, weight 40 pounds (BiO- 0) 

1/ 3/44 Daily injections of 30 mg. histamine in beeswax started 
2/16/44 Sacrificed, autopsy 


Eesults of Gastric Analyses 


DATE 

SAMPLE 

VOLUME 

I'EEC ACID 

TOTAL ACID 

pH 

(HR.) 

(C.C.) 

(degrees) 

(degrees) 

12/14/43 

rasting 

1.8 

6.0 

18.02 

3.68 

Vj 

110.0 • 

138.86 

144.98 

1.31 


1 

49.0 

85.97 

93.93 

1.43 


1% 

2.3 

25.01 

29.61 

1.74 


2 

14.0 

3.06 

12.86 

6.46 

12/15/43 

Fasting 

% 

2.5 

0 

10.21 

7.51 


96.0 

130.48 

138.65 

1.25 


1 

IS.O 

30.64 

51.05 

1.69 


1% 

3.8 

1.45 

2.92 

4.31 


2 

2.4 

0 

5.11 

6.94 

12/17/43 

Fasting 

6.5 

2.04 

12.48 

4.41 


% 

55.0 

115.78 

127.22 

1.41 


1 

44.0 

99.85 

111.90 

1.41 


ly. 

12.0 

9.80 

15.31 

2.8 


2 

6.3 

1.84 

8.58 

7.56 

12/21/43 

Fasting 

4.5 

0 

20.42 

7.64 


¥j 

36.0 

139.06 

152.95 

1.26 


1 

142.0 

132.53 

159.48 

1.46 


iy> 

4.8 

17.02 

37.86 

1.97 


2 

2.0 

20.42 

36.25 - 

3.06 


Series 2 . — The second series consisted of two dogs, one of which had 
a Pavlov type of gastric pouch (Dog 25) and the other a Heidenhain 
pouch (Dog 156) . The response of these two pouches to gastric secreto- 
gogues was studied and recorded. Following these control observations, 
a pedieled jejunal graft was applied to the pouch of each aniinal. After 
a suitable healing period, the animals were exposed again to the same 
secretogogues and the response was observed. Atralyses of the contents 
of the gastric pouches wei'e made after the dogs were subjected to a 
twenty-four-hour fast. Two one-hour samples were obtained from each 
dog, the secretogogues Avere then administered, and tlie total output 
of gastric juice Avas collected at liourly intei'A’als for from three to 
lAventy-four houi-s. 
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SURGERY 


Fig. 10 



P/AVLOV GASTRIC 
POUCH 9-23-43 



ExpraiMKKT 1 

Series 3, Dog SS. Mongrel wale, weight 40 pounds (Fig. JO) 

8/24/43 Bisteniper v.'iccinntion 

ft/23/43 Pavlov gastric poucli operation 

6/29/44 Jejunal graft applied to Pavlov poucli 


Fesnlis of Gastric Pouch Analyses 


PATE 

SAMPI.E 

VOLUME 

(c.r.) 

tT.EE ACID 
(DEGnEE.S) 

TOTAL ACID 
(DEOnEES) 

pn 

1/3/44 

1 

0.25 

12.67 

85.76 

Too small 

Stimulus: 0.5 mg. 

2 

0.30 

34.00 

51.05 

Too small 

histamine sub- 

1 N 

26.00 

134.36 

151.11 

0.99 

cutaneously 

2 N 

3.70 

142.33 

153.46 

0.94 

3 N 

1.60 

84.41 

110.27 

1.20 

1/5/44 

1 

0.15 

6.81 

61.26 

Too small 

Stimulus; 0.5 mg. 

2 

0.23 

0 

44.39 

Too small 

histamine sub- 

1 N 

5.0 

134.16 

147.02 

1.07 

cutaneously 

2 N 

2.0 

130.68 

141.92 

1.08 

3 N 

O.S 

108.53 

134.06 

Too small 

1/7/44 

1 

0.22 

23.18 

46.46 

Too small 

Stimulus: 0.5 mg. 

2 

1.5 

0 

40.80 

3.43 

histamine sub- 

1 N 

18.0 

130.69 

146.00 

0.82 

cutaneously 

2 N 

0.5 

102.10 

132.73 

Too small 

3 N 

0.12 

84.74 

170.51 

Too small 

5/29/44 

1 

2.4 

0 

122.47 

3.63 

Stimulus: 200 Gm. 

2 

1.1 

0 


Too small 

horse meat fed 

1 N 

3.3 

0 

127.33 

3.66 


2 N 

6.0 

55.6 

129.66 

1.50 


3 N 

6.2 

91.17 

145.8 

1.47 

5/31/44 

1 

0.7 

51.32 

83,8 

Too small 

Stimulus: 200 Gm. 

2 

0.9 

62.6 

96.03 

Too small 

horse meat fed 

1 N 

6.0 

107.11 

122.08 

1.61 


2 N 

8.1 

114.50 

135.80 

1.45 


3 2^ 

7.4 

119.94 

139.97 

1.37 

6/2/44 

1 

JSTo i 

sample 



Stimulus: 200 Gm. 

2 

No sample 

116.64 

1.30 

horse meat fed 

1 N 

3.4 

69.30 

2 N 

3.2 

85.51 

131.22 

1.17 


3 N 

3.6 

90.49 

127.14 

1.36 

7/24/44 

Stimulus: 0.5 mg. 

1 

1.8 

23.31 

83.09 

3.09 

2 

1.6 

28.24 

79.96 

2.76 

histamine sub- 

1 N 

20.1 

88.66 

124.82 

1.14 

cutaneously 

2 N 

3 N 

2.6 

0.98 

50.49 

7.98 

72.82 

17.56 

1.23 

1.0 (Hydrion) 
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Experiment 1.— Cont’d 



SXMPI.E 

VOLUME 

PRcn Acrn 

total acid 

pll 

hxte 

(C.C.) 

(DEGREES') 

(degrees') 

7/28/44 

1 

2.4 

0 

112.76 

S.59 

Stimulus: 0.5 lug. 

2 

0.5G 

.37.5 

86.46 

2.5 (Hydrion) 

histamine sub- 

1 w 

24.0 

120.75 

152.79 

1.27 

cutaneouslj' 

2 3Sr 

1.4 

84.54 

123.74 

1.6 

3 N 

0.24 

53.80 

89.66 

3.0 (Hydrion) 

8/4/44 

1 

2.0 

0 

48.42 

4.02 

Stimulus: 200 Gm. 

o 

1.5 

0 

35.86 

4.38 

horse meat fed 

1 N 

5 

0 

58.1 

3.05 

2 N 

4.5 

38.25 

81.29 

1.76 


3 N 

6.5 

38.74 

90.38 

1.66 

. 8/9/44 

1 

1.8 

0 

37.66 

3.54 

Stimulus: 200 Gm. 

2 

1.0 

0 

53.80 

5.5 (Hydrion) 

horse meat fed 

1 N 

5.6 

29.05 

81.77 

2.10 


2 N 

11.0 

94.69 

118.36 

1.S7 


3 N 

12.5 

100.07 

121.59 

1.64 


Experiment 2 

Series 2, Dog 15G. Mongrel female, weight 55 pounds (Fig. 11) 

4/ 6/44 Heidenliain pouoli opeTation 

6/29/44 Jejunal graft applied to Heidenliain pouch 

% 

Besults of Gastric Pouch Analyses 


DATE 

SAMPLE 

VOLUME 

FREE ACID 

TOTAL ACID 

pH 

(C.C.) 

(DEGREES) 

(degrees) 

5/8/44 

1 

0.6 

0 

32.37 

6.0 (Hydrion) 

Stimulus: 0.5 mg. 

2 

1.2 

0 

21.88 

5.87 

histamine sub- 

1 N 

29.4 

124.22 

137.83 

1.62 

cutaneously 

2 N 

14.3 

111.78 

127.33 

1.34 

3 NT 

O.S 

75.8 

126.74 

1,5 (Hydrion) 

5/10/44 

1 

1.4 

0 

23.91 

7.62 

Stimulus:. 0.5 mg. 

2 

1.3 * 

0 

34.02 

7.23 

histamine sub- 

1 N 

25.5 

99.14 

126.36 

1.36 

cutaneously 

2 N 

24.0 

116.33 

149.30 

1.55 

3 N 

1.9 

16.23 

27.02 

2.09 

5/12/44 

1 

0.1 

19.44 

97.2 

Too small 

0.5 mg. liistamine 

2 

0.5 

17.50 

77.76 

Too small 

subcutaneously 

1 N 

27.0 

118.58 

130.44 

1.11 


2 N 

12.5 

137.83 

147.74 

1.47 


3 N 

0.4 

21.38 

106,92 

Too small 

5/15/44 

1 

3.0 

0 

15.16 

6.83 

Stimulus: 200 Gm. 

2 

1.4 

0 

28.19 

7.47 ' 

horse meat fed 

1 N 

1.4 

0 

19.44 

7.46 


2 N 

2,0 

92.91 

97.20 

1.36 


3 N 

4.6 

88.35 

106.53 

1.20 

5/19/44 

1 

9.3 

34.60 

54.43 

1.83 

200 Gm. horse 

2 

0.38 

55.51 

86.09 

Too small 

meat fed 

1 N 

2.9 

12.31 

34.99 

3.12 


2 N 

9.0 

58.32 

74.26 

1.61 


3 N 

6.7 

93.31 

101.48 

1.64 

5/31/44 

1 

0.5 

60.10 

83.59 

Too small 

200 Gm, horse 

2 

3.4 

3.21 

29.74 

2.55 

meat fed 

3 

l.S 

0 

14.19 

4.35 


1 N 

1.1 

0 

10.69 

Too small 


2 N 

5.2 

25.06 

41.02 

1.76 


3 N 

0.4 

112.75 

129.28 

Too small 


4 N 

6.0 

101.28 

107.89 

1.53 


5 N 

0.45 

119.56 

139.00 

Too small 


6 N 

1.S 

97.20 

116.04 

1.63 


7 N 

5.1 

123.44 

134.33 

1.48 


S N 

3.5 

123.44 

130.26 

1.50 


9 N 

3.3 

119.5G 

130.25 

1.50 


10 N 

0.25 

08.04 

100.92 

Too small 
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EXfKtllMKN’T 2 — CONT’K 



.s.urri.K 

voi.uMi; 

(c.r.) 

1 nr.n Acm 

(DKGUKES) 

TOTAT, ACin 
(DEOr.F.ES) 

pn 

7/21/41 

1 

8.0 

0 

101.58 

3.05 

Stiiiuilup; 0.5 lag. 

o 

4.0 

0 

127.72 

4.0 

lii'-tiuniae sab- 

1 N 

5,0.4 

111.01 

143.75 

1.12 

cut aacou''ly 

2 X 

5.4 

(iS.Stl 

133.74 

1.5 


:! X 

1.4 

22 28 

103.70 

c) ^*50 

7/2S/44 

1 

1.8 

0 

34.07 

4.84 

Stimulus: 0.5 mg. 

o 

5.0 

0 

31.85 

5.42 

hi'-taniino sub- 

i X 

10.0 

113.C3 

141.82 

1.54 

caiaaroii'-ly 

2 X 

2.1.0 

SD..11 

l.lS.lfl 

1.53 

3 X 

2.1 

51.-13 

111.0 

1.5 


4 X 

l.Ol 

0 

42.01 

5.3 (Hydrion) 

8/4/44 

1 

0.0 

0 

45.10 

5.08 

Stimulus: 200 Gui. 

o 

4.5 

0 

20.20 

0.5S 

lior.'-e meat fed 

i X 

17.5 

0 

77.42 

;> o-; 


2 X 

12.5 

go o^ 

OO.S ! 

1.80 


:5 X 

15.0 

25!83 

105.45 

1.7S 

S/0/44 

1 

- 1.0 

0 

21.52 

7.01 

Stimulu'i: 200 Gm. 

o 

4.2 

0 

23.21 

7.41 

borsc meat fed 

1 X 

14.5 

0 

70.02 

3.18 


2 X 

15.0 

Sti.O 

11.0.44 

1.00 


3 X 

10.0 

02.41 

100.75 

1.89 

10/0/44 

1 

11.0 

0 

53.8 

3.70 

Stimulus: 0.5 mg. 

1 X 

(il.O 

20.0 

03.0 

2.4 

histamine sub- 

2 X 

111.0 

25.5 

so.o 

2.3 

cutaneously 

3 X 

12.0 

0 

10.0 

4.S 

10/10/44 

1 

0.31 

0 


3.28 

Stimulus: 100 c.c. 

1 N 

10.3 

73.0 

105.7 

1.55 

alcohol by 

2 X 

3.05 

40.7 

S7.0 

1.10 

stomach tube 

3 X 

0.75 

0 

0.5 

1.22 

10/13/44 

1 

3.8 

0 

31.2 

5.2 

Stimulus: 200 Gm. 

1 X 

10.25 

0 

43.0 

4.;!2 

hoT.se meat fed 

2 X 

20.2 

30.0 

95.0 

1.31 


3 X 

22.0 

52.0 

03.0 

1.17 



POUCH - -4-G-44 

Scries 3, Experiment 1 . — The final experiment consisted of testing 
the irritating effect on duodenal mucosa of gastric juice obtained hy 
liistamine stimulation both from an ordinary type of Heidenliain gastric 
pouch and from another similar pouch \Yhich had lieen modified by the 
application of a jejunal graft. Gastric juice was collected from both of 
these dogs and saved for the experiment to be described. On 6/21/44, a 
male mongrel (Dog 184) was anesthetized with sodium pentobarbital, 
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and a three and one-half inch seeliou of dnodennm was isolated and ex- 
teriorized Avilh it.s l)lood supply intact. The segment nas opened along 
the antimesentenc border, and the mucosa nas cx])o.sed by .sutuiing 
the cut edges to the underlying abdominal skin. Immediately after the 
operation, the two collections of gastric juice were dripped, one from the 
Heidenhain pouch, the other from the Ileidenhain pouch to which the 
jeunal graft had been applied, through similar nozzles, onto separate 
areas of the exposed duodenal mucosa (see Pig. 12). 





Fifj 12 — ^The photoBrapbs show the progreesne effect of two s-imples of castric 
Juice on duodenal niuco<ia GJ'. Indicates the area esposed to secretion obtained from 
an ordinarj Heidenhain t\pc of gastric pouch (Dog 15G befoie application of JeJuml 
part) GJ. (n) iiidic.ates the niei exposed to pastric Juice obtained from a Heiden- 
hain pouch into which a jejunal graft had been impianted. 
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Tlie effects of the two samples of gastric juice on duodenal mucosa 
varied little. In both of the dripped areas, edema and blanching oc- 
curred within two mimites. During the fii*st ten to fifteen minutes, the 
reaction to normal gastric juice seemed greater, but within one hour, 
necrosis, edema, and hematin staining were of equal intensit}" in both 
areas. After five hours, two thick, gray, hematin-stained, mucosal 
sloughs were pz'oscnt. Gentle Tomoval of the neevotie tissue b}' scraping 
vdth the edge of a piece of cardboard revealed equal pin-point hemor- 
rhages beneath both the .sloughs. At the end of eight hours' exposure 
to the gastric juice obtained both from an ordinaiy Ileidcnhain gastric 
poiTch and from a Heidenhain gastric pouch into wliich a pedieled jejunal 
graft had been implanted, the duodenal mucosa exhibited damage of 
equal extent in both areas. ‘ 


C03IMEXT 

Investigation of the effect of tljc pedieled jejnnal graft on secretory 
activity indicates that an irregular, inconstant, therapeutical^ ineffec- 
tive depression of gastric acid secretion occurs. 

Adequate gastric analyses over a period of t-wo liours after the 
administration of 0.5 mg. of histamine base sliow a somewhat subdued, 
but in the main quite ordinary, respozise varjnng irregularly from dog to 
dog. A reversal of the histamine effect noted by Andrus and liis asso- 
ciates was not obseiwed on any occasion. In the continuous gastric 
hypei’secretion experiments employing daily intramuscular injections 
of SO mg. of liistamine base in beeswax, the jejunal graft proved to 
be a locus of reduced resistance, and ulceration of the graft mucosa oe- 
cun*ed in eveiy dog witli such a jejunal graft. In these same hj^’per- 
seeretion expei-iments, complete pi’otection of the duodenal mucosa as 
observed by Andius and his associates was Jiot acliieved in all cases. 
Duodenitis was obser\’'ed in three out of five dogs with jejzmal gi’afts 
applied to tlie stomach, given histamine hi beeswax intramuscularly. 
In other words, it would appear that the jejunal graft itself when applied 
to tlie stomach is more sensitive to the acid peptic digestive juice than 
is the remainder of the stomach or the duodemmi. Autopsies showed the 
pedieled blood supply of the graft to be satisfactoiy and intact in all 
animals. In experiments vuth the Heidenhain and Pavlov gastric 
pouches the implanted jejunal graft was found to be ineffective in 
regularly inhibiting gastric secretion from the isolated pouches. It may 
be fair to say that a small but inconstant depression of the acidity of 
the gastric secretion appears to attend attachment of the jejunal patch 
of the gastric pouch. Pinalb’^, gastric juice ohlained from a Heiden- 
hain pouch, modified by the application of a jejunal graft, proved to be 
as iiTitating as normal gastric juice when dripped onto exteriorized 
duodenal mucosa. 

CONCLUSION 

In conclusion, these experiments suggest that the jejunal graft is in- 
efficient in controlling gastric and peptic secretion, and that it does not 
curb the digestive properties of gastric juice. In consequence, the 
pedieled jejunal graft is unlikely to be an effective therapeutic surgical 
agent in the treatment of ulcer. These experiments fail to lend any sup- 
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port to the thesis that this operation maj’^ supplant adequate gastric 
resection in the management of ulcer. 
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AN ATTEIIPT TO CONFIRM THE ALLEGED INHIBITORY 
EFFECT ON GASTRIC SECRETION OF JEJUNAL 
PEDICLE GRAFTS IN THE WALL OF 
THE STOMACH 

M. I. Grossman, Ph.D., M.D., D. F. Dutton, B.S., and 
A. C. Iaw, Ph.D., M.D., Chicago, III. 

(From the Department of Physiology, Northwestern University Medical School) 

I T HAS been clearly established by several groups of workers’^'® that 
a piece of jejunum implanted into the wall of the stomach is able to 
withstand the corrosive action of gastric juice if the vascular pedicle re- 
mains intact. These investigators did not, however, report upon the 
effect of the implants on gastric secretion. 

In a series of recent papers,"'^® Andrus, Lord, and Stefko have re- 
ported that the implantation of a pedicle graft of jejunum into the wall 
of the stomach produces profound effects on gastric secretion. Accord- 
ing to their observations, a jejunal pedicle graft implanted in tlie gastric 
wall tends to lower the fasting acidity and to revei’se the response to 
histamine injection, that is, administration of histamine to a dog with a 
jejunal implant in the gastric wall is claimed to depress rather than in- 
crease gasti'ic acidity. The stimulatory effect of alcohol on gastric secre- 
tion is also reported to be abolished or greatly reduced by these jejunal 
implants. Ileal and colic transplants into the stomach wall are stated 
to be ineffective, whereas jejunal transplants are somewhat more effective 
<han duodenal transplants. 

The mechanism of inhibition of gastric secretion by jejunal implants 
has been postulated to be due to a substance formed by the jejunal 


Received for piibliciition. Sept. 5, 1941. 



688 


SUKGERY 


associates. In each ease animals n'ci’c used in which the oi’iginal opera- 
tion for preparation of tlie gastric ponch liad Ijcon performed a numher 
of months or veal's prcvions to the implantation of the jcjnnal gi'aft and 
on whicli a large nnmher of control valnes for re.sponse to liistnminc were 
available. Following implantation of the jejunal pedicle graft into the 
pouch wall, hi.slaminc 1o.st.s were iicrfonned at intervals of from 10 to 
200 days postoiieratively. The results of these exjierimonts arc set forth 
in Table III. 

T.\i!i.n HI 

Pr.E- Axi> PosTori:f:.\Tivi; Acid SKir.KToiiY ItEsrnK.SK Driaxo O.ke Hour. Amv. 

Histamine STiMuuA’nox ix O.vstiiic Pouch Dons i.v Which a 
.TE.7UXAI, Pr.nici.E Graft Was Imi’daxted 


DOG 

>Tumber 

TYI’E POUCH 

preoperativi 

COXTROD 

I’OSTOPERATIVE TESTS 


V 

P 

T 

N'O. TKSTS] V 

1 r 

T 

1 

Entire ftomach 

11 

o*> 4 

79.0 

sr..2 

12 32.0 

118.0 

12.0.0 

2 

Entire stomach 

14 

30.4 

9.';.4 

103.9 


80.5 

94.3 

3 

Pavlov 

4 

.11.4 

200.9 

214.2 

4 4S.0 

184.4 

190.8 

i 

Hcidenliain 

12 

22.0 

S4.2 

93.R 

0 2.1.0 

90.5 

100.1 


V. Volume in cubic centimeter.*--. 

P, Free acid in inilliCTams of IICI. 

T, Total acid in milligrams of HCl. 


The integrity of the jejunal graft was detei’mined in three cases by 
sacrificing the animals and examining .the excised specimens. On the 
fourth animal the vitality of the graft was veidfied by exploratory 
laparotomy. 

Comment . — In none of the four animals provided with a jejunal im- 
plant in the gasti'ic pouch was a signiSeant daci'ease in histaminc-stimn- 
lated gastric secretion noted. 

Pari in. Implantation of Jejunal Pedicle Grafis Into the Intact 
Stomach of the Dog.— 

Inasmuch as we were unable to find any evidence of inhibition of 
seci-etion by jejunal implants or jejunal washings in gastric pouch dogs 
we proceeded to study the effect of jejunal pedicle grafts in the intact 
stomach. Six normal mongrel dogs were trained to lie on a soft pad 
•with a small (Eehfuss) stomach tube in place. ’ Starvation for twenty- 
four hours preceded each test. The gastric residue was removed and the 
basal secretion collected over a ten-minute period by continuous gentle 
suction from a glass sja'iuge. One milligram of histamine dihydro- 
chloride was then injected subcutaneou.sly and the gastric secretion 
collected bj>- continuous suction for one hour, the samples being divided 
into six ten-minute periods. Three control tests were performed on 
each dog and then a pedicle graft of upper jejunum was implanted 
into the gastric wall in the manner described by Andrus and his asso- 
ciates.^^ This consisted in the resection under morphine-ether anesthesia 
of an area of the anterior wall of the stomach approximately 4 by 6 cm. 
in size, about midway between the pylorus and cardia, and the im- 
plantation into this defect of a pedicle graft of upper jejunum with 
its circulation intact. This was obtained by isolating a segment approxi- 
mately 6 cm. in length, which was then opened along its antimesenteric 
border and sutured into the gastric window with silk. The eontmnity 
of tlie jejunum was restored by end-to-end anastomosis. 
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, Table IV 

Acid SECRETORy Kesponsr to Hisiamine PnrvDHOciir.ORrPE (1 Ma.) Before and 
After Implantation of Jeounai. Pedicle Graft Into Stomach 


(Average ol 'Three Tests Pit- find TSiroe to Pivc Tests Postoporatively) 



30 MIN. 

before 

1 HISTAMINE 

0-20 MIN. 

AFTER 

1 histamine 

O-OO MIN 

! AFTER 

j HISTAMINE 


1 

AV. 

Am. i 
(c.c.) 1 

AV. 

free 
A cm 1 
(c.u.)^ i 

AA’. 

A’OE, 

(C.C.) 

1 



i 

AV. ! 

VOL. 

(c.c.) 

' 

AV. ■ 
FREE 
i ACID 

1 (cm.) 

AV. 

free 

ACID 

OOT'BOT 

i (diM) 

Dog 1 

Preoperative 

s 

s 

23 

85 

2.0 

112 

114 

12.S 

Postoperative 

12 

50 

34 

82 

2.8 

120 

120 

14.4 

Dog 2 

Preoperative 

3 

0 

30 

106 

3.2 

115 

137 

15.8 

Po.etoperative 

33 

39 

49 

79 

3.2 

140 

97 

13.6 

Dog 3t 

Preoperative 

7 

34 

3S 

110 

4.2 

127 

126 

16.0 

Postoperative 

3 

0 

19 

64 

3.9 

78 

88 

6.9 

Dog 4 

Preoperative 

12 

4 

25 

90 

2.3 

lor 

114 

12.2 

Postoperative 

• 3 

12 

29 

65 

1.9 

124 

IQl 

12.5 

Dog 5 

Preoperative 

S 

0 

26 

68 

l.S 

92 

87 

8.0 

Postoperative 

4 

20 

34 

69 

2.0 

116 

82 

9.5 

Dog 0 

Preoperative 

4 

03 

15 

95 

1.4 

87 

105 

9.1 

Postoperative 

4 

53 

33 

117 

3.9 

119 

lie 

13,8 

Av. 

Preoperative 

7.0 

18 

26 

92 

2.5 

107 

114 

10.6 

Postoperative 

7.3 

27 

33 

77 

2.6 

316 

101 

11.6 


♦C. U., clmical units, 
tmM, millimols. , 

tWhen this animal was anestlieUzetl and autopsied a partial obstruction was 
found at the site of tlie end-to-enc! anastomosis in the intestine with dilation and 
hypertrophy above. 

Dogs 2 and 3 showed considerable enterogastric regurgitation in some of the 
tests. 


Ten days to 2.5 months after operation three to five histamine gastric 
analyses were performed on each animal by the same teehniqne as that 
used in the preoperative controls. 

After all analj^ses were completed, the animals wei-e sacrificed and the 
stomach immediately fixed in formalin. Histologic sections were pre- 
pai'ed to ascertain the condition of the jejunal graft. In every case 
noianal jejunal mucosa was found. The position of the jejunal patch 
on the anterior gastric AvaU is demonsti'ated in the roentgenogram (Fig. 
1) showing ontpouchiug of the Avail by the barium meal at this point. 
The size of the jejunal implant is shonm in the picture of the gross post- 
mortem speeimeii of one of the stomachs (Fig, 2). 

The aA^eraged results of the preoperatiA-e and postoperative tests on 
cadi dog are presented in Table IV. 

Comment. —The implantation of a jejunal pedicle graft into the in- 
tact stomach of the dog iirodnced no consistent and significant decrease 
in acid secretion in response to histamine. 

PISCUSSION 

^Ye have repeated the experiments of Andrus, Lord, and Stefko on 
the effect of jejunal implants in. the gastric Avail on acid secretion in 
j-esponse to histamine. Our results give no indication of an inhibitory 
cfTect. 
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Perfusion of vagally innervated and vagally denervafed gastric 
pouehes ■with freshlj’ prepared saline washings of llie duodenum and 
,io.iunum did not affect the acid seci’ctory response to histamine. 

Similarly, no decrease in acid secretion in response to histamine was 
noted in four dogs Avith gastric pouches into which <a piece of upper 
jejunum was implanted. 

In four out of six animals in Avhom jejunal pedicle grafts Avere im- 
planted in the Avail of the in situ stomach, no significant depression of 
the secretion of HCl in re.sponsc to histamine was noted. In the other 
tAA'o animals of this series (Dogs 2 and 3, Table IV) a moder.ate decrease 
in the acid concentration Avas noted postoperatively. IIoAvever, the ex- 
planation for the decrease in acid concentration of drainage recovered 
from the stomach in these tAA’o animals Avas apparent and can be ac- 
counted for by the nausea and retching, Avith regurgitation of bile- 
stained duodenal contents into the stomach, Avhich not infrequently oc- 
curred during the postoperative tests on these animals. UoAvever, even 
in those tests in Avhich enterogastrie regurgitation reduced the acidity 
of some of the samples of gastric contents, the acid values returned to 
the usual high levels AAfiien retching subsided. Furthermore, these tAVO 
animals in which retching occurred during most of the postoperatiA'e 
tests gave responses as high as the preop eratiAm control values in those 
postoperative tests in Avhich retching did not take place. 

The cause for the increased tendency for retching and enterogastrie 
regurgitation after histamine injection in certain dogs after the opera- 
tion of jejunal pedicle graft is not obvious. 

In only one animal (Dog 3, Table IV) did a decrease in both volume 
and acid concentration occur postoperatively. It is of interest to note 
that Avhen the animal Avas sacrificed a partial obstruction of the boAvel 
due to overgroAvth of scar tissue at the site of end-to-end jejunal anas- 
tomosis Avas found in this dog. From pi’ior experience in the perform- 
ance of many end-to-end anastomoses in the dog, A\"e have found that 
this occurs in approximately one out of thirty dogs. The possible 
significance of this finding in relation to the depression of gastric secre- 
tion in this animal is conjectural, althougli it is knoAAm that vomiting 
inhibits the secretory response to a meal and histamine. 

It is particularly noteAvorthy that although the average volume and 
average concentration shoAV moderate variation betAveen preoperative 
and postoperative values, the total output of acid (volume times con- 
centration) is not markedly altered. 

Andrus and his associates studied gastric secretion for only twenty 
minutes after histamine injection. Inasmuch as only about one-fourth 
of the total secretory response to 1 mg. of histamine occurs in the first 
tAventy minutes Ave have carried out our tests to one hour. It is to be 
emphasized, hoAvever, that eA^en in the tAventy-minute period folloAving 
histamine injection Ave noted no significant depression of gastric secre- 
tion after the operation of jejunal implantation. 

The question arises: If, as postulated from the obserA'ations of 
Andrus, Lord, and Stefko, the jejunum did secrete into its lumen a sub- 
stance AAdiicli on bathing the gasti-ie mucosa inhibited gastric secretion, 
Avhat could be the function of such a substance in normal physiologic 
economy? One could comprehend the function of such a substance 
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if it were secreted into the. dnodciial .iiiicc wliidi iias ready access to the 
stomach llirougli the mechanism of enterogastrie regurgitation. How- 
ever, according to their o1)servalions, je.iunal implants arc more active 
than duodenal. 

c arc unable to .suggest a ])ossiblc cause foj' the di.sc 7 'c))aneie.s between 
our results and those of Andrus and his associates. 

SUMMAKY 

Implantation of a .ie.iunal pedicle graft into the wall of the stomach 
or perfusion of the stomach with jejunal washings does not significantly 
alter the acid secretory response of the stomach to liistaminc .stimulation 
in the dog. 

Tire author.-, wish to expro.-ss thoir eratitude to Mr. .Sum Raker and Dr. Jean Rea 
Ai ooloj' for tliolr assistance in certain pJiascs of tliis work. 
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THE INDICATIONS FOR OPERATION IN CASES OF PEPTIC 
ULCER FROM THE INTERNIST’S POINT OF VIEW 

Arthur L. Bloomfield, M.D., Sam Francisco, Calif. 

(From, the Department of Medicine, Stanford Uvivcn-ily School of Itfedioine) 

T hat articles on various aspects of ulcer of the .stomach and 
duodenum continue to appear in large numbers indicates, perhaps, 
that some of the problems are not capable of final solution. Certainly 
most of the questions about peptic ulcer are not to be answered liy exact 
methods; thej' remain matters of opinion and hence there are often 
strong differences among doctors as to matters of procedure. In a 
symposium published seven j^ars ago in this Journal, I expressed my 
views^ on the indications for operation in uncomplicated peptic ulcer. 
On re-reading that article I see no reason to alter greatly what was 
said; indeed it would be tedious to review exactly the same material. 
However, it may be of interest to surgeons, who will make up the bulk 
of the readers of the present sjmiposium, to have the point of view of 
a “nonoperating” doctor on some of the indications for surgical inter- 
ference. 


Received lor publication, July 17. 1944. 
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Ohstruction . — Pyloric obslrnclion lias been regarded by most physi- 
cians as an indication for surgical treatment y-bctlier by gastroenteros- 
lomy or ])yloric resection. It is interesting, therefore, to find a recent 
article in a surgical journal in -which this point of view is questioned.- 
However, few will believe that those instances of vast dilation of the 
stomach associated with masses of sear tissue which throttle the pylorus 
can be dealt with liy means other than .surgical. It is in the borderline 
cases- that nice decisions have to be made. The point is best brought out 
by considering the reversible and irreversible elements which enter into 
the production of clinical pyloric .stenosis. Scarring and anatomic 
narrowing' can hardb^ altered but inflammation of the mucous mem- 
brane with edema and spasm, so often associated -^^th fibrous stenosis 
and acting as a last straw to render the obstruction complete, are usually 
amenable to" treatment. Hence, one m.ay see surjirising remissions in 
patients who at first seemed in a desperate plight. It will rarelj’ be neces- 
sary. to do an emergenej’- operation and the situation should be re- 
evaluated after a trial period of medical therapy. The following plan 
has worked w'ell in our clinic: The stomach is emptied by washing with 
many liters of normal saline solution using a large (Ewald) tube. The 
procedure must be thorough if the final dregs of retained material are 
to be I’educed to a minimum. The washing is repeated each evening for 
several days during which the patient is maintained by parenteral ali- 
mentation with glucose, saline solution, and, if necessary, some foim 
of protein digest.^ After two to four daj's it is usually found that the 
volume of residual secretion has decreased to less than 100 c.c., and that 
fluids are passing through in the pylorus. Further proof of this may 
come from the regurgitation of bile througli the duodenum into the 
gastric washings. One may now begin to feed small amounts of con- 
centrated liquid nourishment during the day but the stomach should 
still be thoroughly washed each night several hours after the last feed- 
ing. This procedure controls stasis and allows the stomach to regain 
its tone while edema and spasm subside and the pyloric lumen %videns. 
Next it is necessaiy to decide whether the results have been good enough 
to justify continued medical treatment or whether operation is neces- 
sary. General clinical improvement, roentgen examination of the 
stomach with umbrathor to show the irreducible degree of obstruction 
and stasis, the patient’s desire or ability to cooperate in a long-time 
medical regimen, his economic means, his age, and the availability of 
the best surgical skill all enter into the making of a difficult decision. 
It is our feeling, however, that if any doubt exists at this point about 
the success of medical therapy, operation should be done. 

Hemorrhage . — Debate as to when one should operate for hemorrhage 
from peptic ulcer will probably always go on because in the end it 
comes doAvn to judgment in the indiHdual case and no formula based 
on statistical experience is entirely satisfactory. IMost internists, how- 
ever, would subscrilie to the following propositions : A sin.gle bleeding 
from peptic ulcer in a young person, even if the bleeding is large, rarely 
Idlls, and medical treatment is usually satisfactory. The availability 
of blood and red blood cell concentrates for transfusion is comforting 
to the doctor under these conditions. In elderly people, on the other 
hand, severe bleeding, especially if persistent, with the possibility of 
erosion of a calcified vessel in the base of the ulcer is much more likely 
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to demand surgical interference. At any rate, every case of this sort 
should be followed jointly b3' internist and surgeon, and operation should 
be done if the bleeding gains headway in spite of transfusion. The 
internist should remember the surgeon’s troubles — a patient usuaUj'^ in 
poor condition, a stomach full of blood, the difficulty of locating the 
lesion, espeeiallj’' if in the duodenum, and linallj' the technical complexi- 
ties of operation under these conditions. 

Another indication for operation is, of course, the occurrence of re- 
peated peisistent bleeding over a long pei’iod of time even though there 
never is a threat of exsanguination. 

The whole subject has been ablj* discussed by Heuer^ in' his recent 
book which is based on a studj’' of cai’clullj’ collected eases and not on 
vague impressions. We are in agx-eement with Heuer that, regai’dless 
of theorj^, a period of fasting for the first few daj’s after a big bleeding 
is iisualljf safer than feeding. 

TJJccr and Cancer . — In the past, one of the strongest reasons for 
excising a gastric ulcer has been fear lest it should become malignant. 
That such malignant transformation commonlj’’ oeeurs was generallj’’ 
believed and debate centered onlj' on the exact frequencJ^ Eeeentlj’’ 
the pendulum has swung to the other extreme. TJic work of Idallory® 
and others® on “carcinoma in situ’’ which shows that cancers inaj'- 
exist in the stomach for long periods without much change before ulti- 
mate rapid gi-owth takes place, and the clinical studies of Palmer,^ have 
thrown doubt on the frequenej' of “cancer ex ulcere.’’ These observa- 
tions tend to show that the usual situation is in fact ulceration in a 
cancer already present and not cancer developing in an old ulcer. It 
would seem unreasonable, however, as pointed out bj^ Heuer, to adopt 
too extreme a position. It is well known that cancer may arise in old 
leg ulcers, in pulmonarj’’ cavities, in brief in manj”^ situations where 
chronic ulceration exists and one surety cannot say that cancer toII 
never develop in a gastric ulcer. 

But even if one assumes that cancer is not likelj’^ to ai’ise it is often 
difficult to saj’’ whether an “ulcer” Avhen first discovered is benign or is 
in fact an ulcerated cancer. Here the gastroscope and modern roent- 
genography are, of course, verj^ helpful but we believe the rule still holds 
good that any ulcer of the stomach which does not show definite signs 
of healing after three weeks of careful treatment should be dealt with 
surgically because of the possibility of cancer in disguise. Even then, 
one may be misled by apparent improvement of a lesion which is funda- 
mentally cancerous (Eustennan).® 

Intractable Indigestion . — In a discussion in the prerfous symposium* 
we sustained the thesis that intractable symptoms even in the absence of 
bleeding, obstruction, or perforation were an indication for operation. 
We still believe that position to be sound in many cases. However, one 
should point out that there has been a shift in emphasis in the whole 
philosophy of peptic ulcer and indigestion in the past few years, espe- 
cially as a result of war experiences,® and this may alter one’s attitude 
toward surgical indications. Peptic ulcer, in brief, has been definitely 
brought into the domain of psjmhosomatic medicine. The interesting 
observations of Draper,*® the important work of Wolf and Wolff** which 
amplifies with modem methods what Beaumont saw a hundred years 
ago, and the clinical studies of innumerable internists and psychiatrists*- 
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have shown beyond question the hupovtant part which psychologic 
influences play not only in promoting symptoms, but also through the 
mechanism of spasm and hyperemia in actually causing, breakdomi 
of tissue. The position seems so securely established that most patients 
probably deseiwe technical ])s,vchiatrie consideration before being sub- 
jected to operation. In different cases, however, either the psychic 
or the somatic component may predominate. If the ])syciiogcnic factor 
is prominent one should be cautious about operation ; if such factors seem 
inconsequential, operation to excise a scarred and ii’ritablc duodenal 
cap and break up indigestion reflexes by creating a wide stoma is, we be- 
lieve, sound practice even if no bleeding or obstruction exists. 

Two patients seen recently illustrate the point : Both had long-stand- 
ing indigestion; spastic deformed duodenal caps were shown bj’- x-ra3's; 
both had responded to hospital therapj' but relapsed under their usual 
activities. Neither had bled or shouni signs of obstruction. In one no 
psychogenic material could be brought out; he agreed in a matter-of- 
fact way to any sort of interference if it would give i*elief. The second 
patient yielded a mine of trouble on psychiatric study; his symptoms 
were done away with not by operation but by a stay in the psychiatric 
ward. 

SUMMARY 

Many of the problems of peptic ulcer are not capable of solution by 
exact methods; they remain mattere of opinion upon which physicians 
win differ. The points brought out with reference to indications for 
operation may be summarized bi'iefly as follows. 

What at firet appears to be total pyloric stenosis may in fact be 
partly due to reversible spasm and edema. Hence, operation should 
rarely be done until measures to relieve such spasm and edema have 
failed. 

Prom the surgical standpoint the great problem of hemorrhage is to 
recognize that it has become “intractable” before it is too late to save 
life by operation. Since a first hemonliage in a smung person is rarely 
fatal one may put off operation longer than in an elderly person with 
persistent bleeding. Transfusion of concentrated red blood cells may^ be 
lifesaving in preparing a patient who has bled severely. 

Cancer develops so rarely in gastric ulcer that prophylactic excision 
is not usually indicated. However, ulcers apparently benign which fail 
to heal promptly may in fact he cancer and should be removed by gastidc 
resection. 

With the recognition that peptic ulcer is often a psychosomatic prob- 
lem, operation will be done less often than fonnerly for indigestion 
(without obstruction or hemorrhage), but operation still has a place in 
refractoiy cases with insignificant psychiatric sj^'raptoms. 
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THE IVIEDICAL TREATMENT OP PEPTIC ULCER 
REFRACTORY TO SIPPY THERAPY*' 

Asher WI^DvELSTEI^-, JI.D., Albert Cornell, M.D., and 
Pr/Vnklin Hollander, Pii.D., New York, N. Y. 

(From the Gastro-Intestinal Division of the Medical Department and the Gastro- 
enterology Eesearch Lahoratory, The Mount Sinai MospitalJ 

T he entire etiology of peptic ulcer is as yet unknown. However, 
no matter what the ultimate cause may be, there is no doubt that 
the “aeid-pepsin factor” is the immediate agent of the ulcerative proc- 
ess. There is considerable evidence to support this view. For example: 
(1) Peptic ulceration occurs only in areas exposed to active gastric 
juice, that is, the lower part of the esophagus, the stomach, the upper 
third of the duodenum, the jejunum (following gastroenterostomy), 
and Meckel’s diverticulum (when it contains parietal cells). (2) Pep- 
tic ulcer does not occur in the presence of a complete achlorhydria (as 
proved with histamine and neutral red). (3) Recurrent ulceration is 
prevented by gastric resection when this operation results in an 
achlorhydria. Conversely, marginal jejunal ulcers may occur when 
the acid is not eliminated. 

On the other hand, there exists a considerable number of predispos- 
ing and aggravating factors without some of which peptic ulcers can- 
not be formed even by a highly potent gastric juice. Among these 
must be included the folloAving: (1) emotional upsets which cause 
certain localized circulatory disturbances, prolonged gastric retention, 
and excessive and prolonged gasti-ic secretion (especially during the 
night) ; (2) diminished tissue resistance associated with inadequate 
nutrition, circulatoiy disturbances, toxic infectious processes, and in- 
adequate mucous secretion; (3) motor effects in the stomach, such as 
spasm, hjyermotility, and atony; (4) impaired neutralization of acid 
gastric chyme by decrease of mucus, mucoid secretion, or duodenal 

Received for publication, Nov. 2, 1944. 
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rcgiu'gitatioii of bile, pancreatic secretion, and intestinal secretion; 
(5) certain endocrine intlnonces; (G) postoperative states, svicb as gas- 
Ivocntevostomy and partial gastrectomy witli persistent free acidity; 
(7) miscellaneous factors, including excessive use of alcohol or iohaeco, 
food irritants, extensive burns, constitutional factors. 

It must be empbasized that, despite all the arguments in favor of the 
acid-pepsin theory of ulcer formation, no valid claim can be made that 
this factor stands out as “the specific cause” of peptic ulcer disease. 
Rather, active gastric juice must be considered as the agent by wliieli 
the lesion itself is produced in a stomach normally impervious to its 
action, but which is made susceptible to such ulceration by suitable 
predisposing factors. Ample evidence for tliis is afforded by the fact 
that perhaps 75 per cent of all patients with gastric nicer and 20 per 
cent of those wftli duodenal ulcer have low or normal acidities, whereas 
some individuals manifest typical hyperseeretovy curves without objec- 
tive evidence of ulceration. The oceniTenee of peptic ulcer in patients 
with normal or low gastric acidity appears to present a contradiction, 
but it may be explained 1)y considering ulceration as the result of inptic 
digestion rather than acid irritation.^ 

In view of our inability to control adequately the predisposing fac- 
tors, it has become the aim of most current therapeutic procedures, medi- 
cal and surgical, to eliminate the immediate agent of tissue destruction, 
the “acid-pepsin factor.” The most common examples of such pro- 
cedures entail the following; (1) antispasmodics (for example, atro- 
pine) to lessen the retention of gasti’ic secretion; (2) alkalies, to neu- 
ti’alize the hydrochloric acid; (3) high-fat diets, to inliibit acid .secre- 
tion; (4) frequent feedings, to alxsoib and dilute the acid; (5) sedatives 
to inhibit the nervous secretion of acid and pepsin; (6) gastric aspira- 
tion, to remove excess retained gastric juice; (7) partial gastreetoinjq 
to reduce the output of acid and pepsin; (8) gastroenterostomy, to in- 
crease the neutralization of acid b.v duodenal regurgitation ; (9) surgical 
vagotomy, to lessen the output of both acid and pepsin in the psyciiic 
phase of secretion. 

Chronic peptic iilcer is a lifelong disease and only a small percentage 
of patients are ciu-ed medically, while a fair percentage go through 
life with mild symptoms. The remainder, about 25 per cent, are re- 
fractory and require intensive medical or surgical therapy. For this 
purpose, the usual Sippy therapy seems inadeqiiate, because it does not 
control the acidity between the meals. Studies from this liospital 
reveal that there is a very high secretion of acid during the night,®’ '* 
even while the patient is on Sippy treatment during the day. Fre- 
quent Sippy feedings may in themselves serve as an added stimulus to 
the nervous phase of acid secretion and may not allow sufficient func- 
tional rest, motor or secretory. Other disadvantages of Sippy therapy 
are as follows; (1) The diet is nutritionally deficient and is increased 
too slowly. (2) It necessitates an in-bed routine, either in the hospital 
or the home. (3) Remissions after Sippy treatment are short, and 
recurrences are often severe. (4) The large amount of absorbable 
alkalies used may lead to a harmful systemic alkalosis in the presence 
of renal dysfunction. (5) It does not constitute an adequate means of 
effecting interdigestive neutralization, especially of the night secretion. 
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Various other methods have been used to control the harmful noc- 
turnal hypersecretion, usually before retiring, but tliej^ are also often 
ineffective. These include gastric a.spiration, atropine, sedatives, olive 
oil, alkalies given separately or in combination. As a result of the fail- 
ure of these measures to control the symptoms associated with the 
night secretion, there arose the idea of coniiniious iniragostric dvip 
therapy throughout the Uventy-four hours.- As originally introduced, 
this treatment was defined as a “local intubation ulcer therapy based 
on the principle of a continuou.s, adequate, intragastric neutralization 
of the free hj’drochloric acid between the meals and during the night 
by a milk-soda drip.” With the advent of nonabsorbable alkalies in 
1934, various preparations of aluminum hydroxide and phosphate gels 
were included in the drip treatment.® These colloids, besides prevent- 
ing alkalosis, ai'e antipeptic and asti'ingent, and can be substituted for 
the milk-sodium bicarbonate mixture wherever the latter is contra- 
indicated, as in cases of an allergic reaction or an idiosyncrasy towai’d 
milk. However, the nutritive value of milk and the simplicity of the 
apparatus required for its administration favor its use whenever con- 
ditions permit. A nrixture of milk and alumina gel has also been tried 
and found adequate. 

Physiologic evidence regarding the value of intragastric drip therapy 
was established by a series of studies which showed the efficacy of the 
method in reducing gastric acidity.® With both the milk-sodium bicar- 
bonate and aluminum hydroxide or aluminum phosphate gels, an aver- 
age nocturnal, interdigestive pH of 1.4 was elevated to a mean pH of 
3.5 to 4.0, thus inducing a harmless achlorhydria between the meals and 
during the night. At tliis higher pH, about 90 per cent of peptic activ- 
ity is also eliminated. Hence, the continuous drip procedure affords a 
method for the continuous neutralization throughout the twenty-four- 
hour cycle, thus achieving the sina qua non of ulcer healing, namely, a 
continuous achlorhydria.’’ 

An experience of thirteen years with the continuous intragastric drip 
method has demonstrated the clinical efficacy of this most recent advance 
in the medical therapy of peptic ulcer. Certain pi’actical points in the 
application of this therapeutic procedure may be noted : 

1. The technique is learned quickly so that nearly all the patients 
can administer it to themselves at home during the night. Individuals 
in our outpatient group are often unable for economic reasons to dis- 
continue their daily routine, and enter the hospital whenever they have 
a severe recurrence. Using a vessel similar to the ordinary enema can 
as a milk container, and a llurphy drip indicator, they can operate the 
drip at home during the night and carry on their work during the day, 
thus continuing a “home cure” for as long as may be necessary. 

2. Most of these patients are “tube broken,” having had various 
gastric analyses performed upon them, so that they do not find the 
method drastic or difficult. With the recent introduction of the latex 
tube® instead of the semirigid Levin tube, patients are able to use the 
drip over long periods of time without distress. MTiichever tube is 
employed, the patient is taught to pass the tube on himself so that he 
does not have to depend on a nurse or doctor. The details of the drip 
therapy technique have been fully described elsewhere.® 
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3. jModeralc and severe eases requii'c tlic drip between the meals as 
well as during tlie niglil, Avhereas mild cases requ’re it 07iiy diu’ing the 
night. 

4. Continnons twenty-fonr-liour drip therapy is rarely neecssary; 
usually, it is reserved for paticnls -wilh ini rad able pain, during the 
first twenty-four or forty-eight hours, and especially for those with 
nocturnal pain. 

5. Three liberal bland “ulcer” meals are given, preceded by atropine 
and phenobarbital, and followed with aluminum gel. This regime, in 
combination with the inlerdigestive drip, pcrmils adequate tissue nuti’i- 
tion and provides an optimal neutralization. 

6. There is usuallj’ a rapid loss of sjuiiptoms, sometunes after onlj' 
twenty-four hours. 

7. Ulcer niches heal rapidly, and huge craters in the stomach have 
sometimes been foiuid to disappear in less than three weelcs, as proved 
by x-ray and gastroscopjL "We have seen many very long remissions 
after this form of therapj’', which is pai’tieularly significant in view of 
the refractory t;;q3e of patient receiving this treatment. 

8. It is the iDest method of controlling the distressing night symptoms 
of ulcer, without disturbing the patient’s sleep. 

9. It has helped avoid surgical therapy in a considerable number of 
cases. In fact, it is our opinion that no i^alient vdth uncomplicated ulcer 
should be operated upon until drip therapy has first been tried. 

10. Large gastric ulcers, at first thought to be malignant, have some- 
times been proved benign by the rapid diminution in size and the loss of 
symptoms, thus aiding in the differential diagnosis. 

11. Should operation ultimately he decided upon after the intragastric 
drip therapy, the lesion Avill be found more easilj’’ resectable because of 
its smaller size and the decreased inflammation. 

The ulcer patients who were refractory to the usual Sippy treatment 
and who subsequently responded to drip treatment, either with milk-soda 
or aluminum gel, in this hospital, now total about sixtj'-. This group 
includes: elderly men with penetrating ulcers of long duration with 
short or no remissions ; patients with uncontrollable night i^ains ; in- 
dividuals with recurring massive hemorrhage, usually treated surgi- 
cally ; patients who could not be treated surgically because of age and 
poor general condition, or who refused surgery; and those with un- 
yielding, severe pains during the day. Ordinarily a group of refrac- 
tory ulcer patients like these would be considered candidates for surgi- 
cal therapy. As a result of the application of the continuous intra- 
gastric drip therapy, however-, they lost their symptoms and 'showed 
objective evidence of healing of the lesion. That other clinics have 
had similarly good results with this mode of treatment is indicated by 
a recent statement of Eusterman’s,^® that “the superiority of the drip 
method over conventional procedures is unquestionable, especially in 
the treatment of the more refractory lesions.” Consequently, we are 
presenting detailed case reports on twenty-two of these sixty patients, 
chosen as representative of the entire group, in order to illustrate the 
successful application of this form of therapy to such refractory eases. 
It is hoped that this will stimulate the further study of therapeutic 
procedures along these lines. 
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ALUJIINUJt HYDROXIDE OR DlIOSPHATE OED DRIP CASES 

Case 3— F. W. was a woman, aged 42 years. In I92P, x-rays revealed evidence 
of duodenal ulcer. Because of severe epigastric pain, anore.via, vomiting, and 
loss of twelve pounds, the patient was admitted in 1940 to The Alount Sinai Hos- 
pital. The present attack of four weeks’ duration was unrelieved by the usually 
controlling dietary measures and Sippy regime. Free acid was ToniN (millinormaj), 
total 90mK. The patient became entirelj' symptom-free on tlio aluminum phosphate 
drip for three weeks during the night and between meals. In addition to the 
duodenal deformity, gastrointestinal x-rays showed a .small diverticulum of the 
second portion. A Itehfuss test was done after drij) therapy; free aeid was 40mN, 
total SGniA. The patient has done well for four and one-half years without anj' 
serious recurrence. 

Case 2. F. D. R. was a man aged 38 years. The patient had a fifteen-year his- 
tory of duodenal ulcer when admitted in 1940 for “intractable pain.” There was a 
histori' of tarry stools in 393~, treated at another hospital. In the one and one-half 
weeks before admission, he had epigastric and back pain with loss of eight pounds 
and suffered night pain not relieved by Sippy therapy. Although surgeiy was 
strongly advised, ho preferred medical treatment. He received the aluminum phos- 
phate drip between meals and nightly for three weeks with relief of symptoms. 
Gastrointestinal series now showed duodenal irregularity with slight six-hour residue. 
Ho has been followed since in the out-patient department and continues well on 
diet and medication after four and one-half years. 

Case 3. — J. G. was a man, aged 36 year.s. The patient was admitted in 1940, with 
a ten-year history of heartburn, one hour after meals, relieved by soda. In the 
one and one-half years before admission he had epigastric pain, nausea, vomiting, 
back pain, anorexia, and loss of sixtj--tive pounds. For the last three weeks, pain 
was persistent with no response to milk or alkali, and night pain was a prominent 
feature. Gastroscopy revealed' a large, irregular gastric ulcer on the lesser 
curvature, extending from the anterior to the posterior surface "with a nodular 
base, suspicious of malignancy. Free acid was DO, total llomH. The patient 
received the continuous aluminum hydroxide drip at night and between meals for 
two and one-half weeks. Pain disappeared and the patient’s condition was 
definitely improved coincident with the use of the drip. On repeating the gas- 
troscopy, the ulcer was one-third the original size, superficial and healing, and 
appeared definitely benign. Gastrointestinal x-rays failed to show the penetrating 
ulcer crater previously seen. The idea of surgerj-, considered at first, was dropped. 
The patient was followed in the outpatient department in 1942, and v.-as well on 
ambulant regime. 

Case 4. — V. P. was a man, aged 49 years. Tlie patient, with a two-year history 
of epigastric pain, complained of extremely severe and continuous pain in the two 
days before admission nltli radiation to the back and loss of thirteen pounds in the 
past five weeks. He failed to be relieved by Sippy treatment. He was admitted 
witli marked direct and rebound epigastric tenderness. Gastrointestinal x-ray series 
revealed a gastric ulcer, five-eighth inches in size, on the posterior wall near the 
re-entrant angle on the lesser curvature. Gastroscopy showed a deep ulcer, three- 
quarter inches in diameter, benign in appearance. Because the lesion was possiblj' 
malignant, aluminum phosphate drip was advised, altliough surgery was considered 
seriously. He received the drip between meals and at night for about three weeks, 
after which gastroscopy showed ulcer only one-quarter inch in size, benign and 
healing. Surgery was not considered further, and he has been followed since in 
the outpatient department and is doing well, o%-er two and one-Iialf years after the 
drip therapy. 

Case 5.— W- P-, » man, aged 32 years, entered the hospital in April, 1940, with a 
seven-year history of gnawing epigastric pain. X-rays showed a duodenal ulcer 
shortly after onset. Free acid was 94, total llOmN. Because of a three montlis 
attack of severe pain unrelieved by Sippy therapy, he was placed on aluminum plios 
phate drip, between meals and nightly for three weeks, with rapid improvement and 
subsidence of pain and tenderness. 
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Case 6.~S. D. was a woman, aged 43 ywirs. Tho patient was ailnuttcd in 
October, 1940, with a si\ montli;,' hi^loiy of epigastric pain, woiso in the past two 
months, when pain radiated to tlie l>ach, usuallj at night. Sippy tiealinont failed to 
help the patient. She thou recoiled the aluinmnm phosphate diip for twciie dajs 
between meals and nightly. Ticc acid was SO, total llOmN', before diip treatment. 
This was reduecd to a ficc acidity of 32mN, with no aeul in si\ .speeimens after the 
drip. X-rajs proicd tlio pre.sence of a dtiodciml ulcer, Tim patient inipioicd 
definitely and was rclie\ed of pain coincident with the \ise of drip therapy. 

C.VSK T.~B. E, a man, aged 53 >oarh, was admitfed Nmctubei, 1910, with tarry 
stools, weakness, and di/rincss foi thice days bofoio admission. Thi« was the pa- 
tient’s third bemorrhago in the past six jears. lie had been on Sippy therapy for 
se\eral weeks befoio the hcmoirhngo. EMdcnce of bleeding with guaiac positne 
stools lasted one week. He recciicd the alnnumiin phosphate drip day and night 
for over two weeks, with cessation in bleeding and steady inipiovenient after the 
first w-eek. The patient has remainod well foi two years. lie was last seen in 
tlic middle of 1942. 

C. 1 .SE S — G. AI. was a man, aged C2 years. This patient had ulcer sjuiptoms for 
twenty years Ten sears before admission he was operated on for an acute per- 
foration of the iilcei. He remained well for a .shoit period (two months) and 
then the sjmptoms recuired seierely. For se\en months he suffered fiom ulcer 
pains, particulailj' at night. He was tieated in the hospital for four weeks wnth 
stnet Sippv therapy. However, the night pains and pain and heartburn after 
meals persisted. X ra.v examination levealed two rather large ulcer niches m 
the duodenal bulb. There was a high gastric acidity (SOmX). He was treated 
with aluminum phosphate gel drip with a rapid loss of symptoms. He continued 
the drip at night at home for eight weeks. X ray examination then reiealcd only 
a deformitj' of the bulb. The niches had disappeared. He has remained in 
perfect health since then, a peuod of two years. 

ailLK AND ALUMINUM GEL DRIP CASES 

Case 1. — il. K , a man, aged 27 jears, with a five yeai history of duodenal ulcer, 
entered the hospital because of tarrj’ stools. A second attack of melena occuried 
one year later. Free acid was 120, total 130. Operation was stiongly urged, but 
refused. His third admission was in December, 1941, with a histoiy of tarrj' stools 
and pain. Whereas formerlj' lie had been treated with Sippj' therapy, he was 
now given the aluminum hjdroxide drip for lune daj-s and milk drip for one week, 
day and night Gastrointestinal senes showed deformitj' of duodenal bulb with a 
small posterior wall cratei. The patient has remained well for over three and one 
half j’ears with no recurrence of pain oi bleeding. 

Case 2 — I S. was a man, aged 57 jears. Tlie patient had a thirty flic j-ear 
history of peptic ulcer, with pam after meals and at night Eight j'ears before, 
tany stools were passed, and subtotal gastrectomy was advised at that time, but 
refused. On the present admission, free acid was 98, total llOmN, and a radiograph 
showed a defoinied bulb Sippj- tlieiapy was discontinued and he was placed on the 
milk drip day and night for twelve dajs and the aluminum phosphate drip for six 
dajs Marked relief, disappeaiance of pain, and increased appetite were obtained. 
Follow up: After four jears, the patient continues to do well. 

Case 3 — E W. was a woman, aged 3S jears. The patient had a two j ear historj 
of epigastric pain and a particularly seierc attack in the two months before admis 
sion, icquinng a hj-podermic of morphine for relief of back pam. X rays in the 
outpatient department one week before leiealed a penetiatmg gastric ulcer. 
Gastroscopy showed a deep nicer, 2.5 cm. on the posterior wall and lesser curva- 
ture of the .stomach When Sippy therapy failed to relieve her, she was started 
on tho aluminum gel drip between meals and after one week receiied the milk 
drip during the day and night for two weeks. The patient was slow at the start 
to show- improicment and surgerj* was considered. Howeier, she continued with 
marked improiement, subsidence of pain, and gain of oier ten pounds in weight. 
Follow up s rajs showed a complete disappearance of the ulcer. 
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:milk drip cases 

Case 1.— S. S. was a man, aged 42 years. After one year of typical ulcer symp- 
toms, a severe gastric hemorrliage occurred. Tlirce weel;s later, an x-ray exami- 
nation revealed a large penetrating ulcer at the angle. Tliore was a high acidity 
(COniN). Ho was treated for six weeks with a strict in-bed Sippy therapy. 
Another series of radiographs .shorved that the ulcer was unchanged. Surgical 
therapy was then considered for a possible neoplasm. However, milk-soda drip 
was tried first. After four weeks of drip therapy, the niche had completely dis- 
appeared. He then continued the drip therapy at night for several more weolts. 
After that he was asymptomatic for one and one-half years. He then died sud- 
denly from a heart attack. The autopsy revealed a scar of a healed lesser curv.a- 
ture ulcer. i 

C.tSE 2. C. C., a man, aged 40 years, had severe ulcer symptoms for one and one- 
half years. He was then on Sippy therapy for two months. A moderately severe 
hemorrhage then occarred and the hemoglobin fell to 5o per cent. Radiographs 
revealed an ulcer niche in the duodenum. He was treated for three weeks with the 
milk-soda drip. He continued the drip only at night for one yc.ar. He has re- 
mained well with normal radiographs for nine years. 

Case 3, — I. H., was a man, aged 20 years. During the previous two years the 
patient had had four severe attaclcs of ulcer symptoms, On the fifth attack, a 
duodenal ulcer and a small gastric ulcer at the angle n-ere demonstrable in the 
radiographs. Despite 'the strictest Sippy therapy, the symptoms grew worse and 
surgical therapy was advised. However, it was decided to try milk-soda drip therapy 
first. He was given tiie drip following meals and during the night. He lost the 
symptoms in forty-eight hours. After leaving the hospital, he continued the drip 
therapy in the College Infirmary at night through the college year. Three months 
after the institution of the drip therapy, radiographs revealed a normal stomach 
and duodenal bulb. This patient has remained in perfect health for three and 
one-half jmars. 

Case 4. — ^A. F., a man, aged 47 years, liad typical ulcer symptoms for ten years, 
including a massive hemorrhage. For three months, lie suffered with severe ulcer 
symptoms unrelieved by Sippy therapy and foreign protein injections. Radiographs 
then revealed an ulcer niche in the stomach at the angle. The free acidity was high 
(TowN). He was then treated with the milk-soda drip. He lost the symptoms in 
twenty-four hours and the niche disappeared in three weeks. He remained well for 
three years, A slight recurrence, n-itli negative x-rays, was relieved by one week of 
drip therapy. He has remained well for two years. 

Case 5. — ^A. Z. was a woman, aged 4o years. After a few weeks of severe ulcer 
symptoms, the patient had a severe gastric hemorrhage. She was treated with 
transfusions and Sippy therapy. She was well for six weeks. Then ulcer symp- 
toms of a severe nature returned. X-rays showed a duodenal ulcer. Despite 
three weeks in bed on strict Sippy regime, her condition grew steadily worse. A 
moderate degree of pyloric obstruction appeared. She was then treated with the 
milk drip (without soda) for four weeks. She lost all of her symptoms and has 
remained well for five years. 

Case 6 . — J. C., a man, aged GS years, had ulcer symptoms for six years. For 
the six months before admission he was on Sippy therapy without relief. Radio- 
graphs revealed a large nicer niche at the gastric angle. Milk-soda drip was then 
administered for four weeks. Radiographs then revealed an absence of the niche. 

He has remained well for eighteen months and has gained twenty pounds. 

Case 7. — a man, aged 57 years, had a twenty-three year ulcer history. 

A gastroenterostomy was done twelve yeara before admission for an obstructing 
duodenal ulcer. He .remained well thereafter for eleven years. During the past 
year, lie had severe ulcer symptoms, despite strict Sippy therapy. In fact, while 
on treatment, he experienced two massive hemorrhages. X-rays revealed a large 
jejunal ulcer opposite the stoma. He was then treated in the hospital with milk- 
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Boda drip for two weeks and at lioiuo for four weeks. Itadiograplis tlion sliowed 
a disappoaraneo of the niclic. Ho 1ms remained well to the present time (nine- 
teen months). 

Ca.se 8. — J. was a woman, aged 48 j'cars. After three yeans of ulcer syjup- 
toms, radiographs revealed ii prepyloric niche. The free acidity was high (70 
niN). Despite four weeks of intensive, in-bed strict Sippy therapy, the symptoms 
continued. Vomiting and pain were excessive, especially during the night. She 
was then given the milk-soda drip. She lost the symptoms in two daj’s and the 
niche in three weeks. She has gained eight pounds and remained well to the 
present (ten months). 

Case 9. — h. S., a man, aged C7 years, had uleer symptoms for thirty years. A 
gastroenterostomy was performed seventeen years before admission. He rctnained 
well for sixteen years. He then developed severe ulcer symptoms and a large, 
penetrating jejunal ulcer was found opposite the stoma. He was treated for two 
months with Sippy therapy without relief. He then took the milk-soda drip for 
four weeks in the hospital and for four months more at home at night. Two 
months after the onset of the drip therap 3 ’-, radiographs revealed an absence of 
the niche. He has remained well for nine years and has gained fiftj" pounds. 

Case 10. — ^kl. S., a man, aged 44 j-ears, had ulcer symptoms for eleven years. 
The symptoms became quite severe in the past four months. Despite Sippj'- ther- 
apy he had severe night pains. He was given twenty-four injections of histidin 
without result. Eadiographs revealed a large ulcer niche at the inoisura angularis. 
The free aciditj'" was high (COnrN). He was then given the milk-soda drip for 
four weeks. Radiographs then showed that the niche had disappeared. He has 
remained well to the present (seventeen months). 

Case 11, — G. E. was a man aged 38 years. After one jmar of typical ulcer symp- 
toms, the patient experienced a severe hemorrhage from a duodenal ulcer. The 
symptoms continued despite six weeks of Sippy therapy. He was tlien treated 
with the milk-soda drip for three weeks. He lost the .sjmptoms in twenty-four 
hours. He continued the drip at homo for another three weeks. Radiographs 
which had revealed just before the drip therapy a tiny, deformed bulb, now showed 
an almost complete bulb. He has remained well for three and one-half years, 

SUMMARY AND CONCLUSIONS 

1. The chief point of attack in peptic uleer therapy is the “acid- 
pepsin” factor. 

2. The usual forms of ulcer therapy, including the Sippy method, 
are revieAved and their inadequacies are discussed. 

3. The principles of the intragastric drip therapy for peptic uleer 
are described. 

4. A group of sixty uleer patients, refractory to the usual medical 
therapy, Avere treated Avith milk-soda or aluminum gel by the intra- 
gastric drip procedure. Twenty-tAvo of these are presented as ex- 
amples of the successful application of this form of therapy’- to refrae- 
toiy peptic uleer patients. 
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THE TRErmiENT OF PERFORxVTED DUODENAL ULCERS 
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2Li.joi{ E. B. TofEE,*' Royal Ca-vadian' xIk.my j\ri:DrcAL Corrs 


I N A former comiminieation* were pi-csciited tlie delails of the manage- 
ment of a series of fifty-one consecutive patients witli perforated du- 
odenal ulcers ivlio had been admitted to the First Surgical Division of 
tJie Toronto General Hospital. The present communication includes 
this group together witli a further series totaling 114 consecutive pa- 
tients admitted to the .same surgical service over a period of fifteen years 
since July 1, 1929. We wi.sh to stress that this communication deals with 
perforated duodenal uleei-s, and excludes from consideration perforated 
gastric ulcers. This we consider wise for two reasons ; first, the number 
of perforated gastric ulcers which we have had the opportunity to treat 
has been I’ery small, and second, a considerable proportion of these wei'e 
malignant. It was felt that their inclusion in this study would but con- 
fuse the problem. We propose to confine our presentation of the man- 
agement of the emergenej' created by the perforation of a duodenal 
ulcer, leaving the subsequent fate of the patient for a further com- 
munication. 

All but three of the 114 patients in this series were submitted to op- 
eration.' There were ten deaths. All three patients not operated upon 
died. Of these three, one patient refused operation. The second pa- 
tient refused, and later consented, hut died in the operating room before 
surgery could be undertaken. We failed to make a diagnosis in the third 
patient until the autopsy was performed. This showed a perforation 
of the duodenum which had localized as a left subphrenic abscess, with 
the terminal factor being a rupture into the' bronchus. The patient 
drowned in his oum pus. 

There were seven operative deaths in HI operations, a mortality of 
6.3 per cent. There were forty-nine consecutive operations ndthout a 
deatli. The fiftieth patient died of a pulmonaiy embolus on the twelfth 
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Tola! case.s perforated duodenal ulcer 114 Hied 10 

Total cases operated upon 111 Hied 7 (C.;i%) 

Cause of death in tiiree nonoperated ])atients 
2 refused operation 

1 undiagnosed (perforated a subplirenic abscess into bron- 
chus) 

Cause of death in 111 patients operated upon 
1 pulnionarj’ embolus 
1 pneumonia 

1 pneumonia with senility 
1 pneumonia with mild peritonitis 
1 uremia 

1 unrecognized pelvic abscess which perforated into the gen- 
eral peritoneal cavity 

1 subphrcnic abscess ruptured into bronchus 


day after operation. The second death ivas due to pneumonia. At 
autopsi^ the abdomen tvas free from infection. The tliird patient died 
from pneumonia and at autopsy tliere was a mild peritonitis with no 
leak from the site of the omental patch. It was felt that pneumonia was 
the major factor in the mortality. The fourth patient, on the twelfth 
postoperative day, developed uremia and died from this cause. The 
fifth patient died from an unrecognized pelvic abscess, wliicli ruptured 
into the general peiitonoal cavity. The si-xth patient died from a sub- 
phrenic abscess which was unrecognized postoperatively until _it rup- 
tured into the bronchus. The seventh patient, a senile man who could 
not be kept in bed, developed pneumonia and died from this cause three 
weeks postoperativelj'. He bad recovered from the operation. 

The ratio of males to females is striking, tJiere being 107 male as op- 
posed to 7 female patients in Ibis group. Sixtj^-four patients were un- 
der and fifty were over 50 years of age. There were as many deaths in 
patients under as over 50 years of age. We cannot, therefore, consider 
the age of the patient as being a very important factor in detemining 
the incidence or mortality of this emergency. The age of the patients 
varied from 16 to 83 years. The average age of the whole group of pa- 
tients was 47 years. 

Most of these patients were operated upon by the resident surgeon or 
the senior intern. Fortunately, the interval between the onset of symp- 
toms and the opez-ation has been quite shoi-t in most instances. This 
reflects very admirably on the efficiency of the general practitioner in 
this area, and furthermoi’e it shows the wisdom of not tz-ansporting 
over long distances patients suspected of having a peiToration. The 
best surgeon to operate upozi a patient with a pezdorated duodenal ulcer 
is the suz’geon on the spot. Izi no case in Avhich we have operated has the 
patient znade a joiirzzey longer than twenty-five miles. TJiis was at 
vaz'iance with the experience izi a similar grovzp of cases izi ozie of our 
Vetez’ans’ Hospitals, where the patients have beezz transported long 
distances before oizez’atiozi was nizdez’taken, with a much higher mortal- 
ity. 

The diagzzosis in most inslazzces has presented very little difficulty. 
The eojzimonest mistakes which we liave znade have been to diagnose er- 
roneously as an acute perforation of a duodenal ulcer, cases of acute 
appendicitis, acute hemorrhagic pazicreatitis, and, on a rare occasion. 
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acute cholecystitis. We have very rarely made a diagnosis of a per- 

ora ed ulcer when the patient actually had acute appendicitis. We have 
had patients admitted with the diagnosis of a perforated duodenal ulcer 
who were proved to be suffering from coronary thrombosis. To date 
we have not submitted to operation any patient with the diagnosis of a 
perforated duodenal ulcer ivho was subsequently found to have a coro- 
narj' occlusion. The diagnosis of a perforated duodenal ulcer in the 
female must, always be made after very careful consideration, since it 
occurs so infrequenth^ that all other possible diagnoses should be care- 
fully assessed before concluding that the patient has this lesion. This 
incidence parallels the rarity of calculus cholecystitis in tlie unmarried 
nulliparous female. 

In the vast majoritj’ of this gi’oup there was a previous history of 
indigestion, and in the patients who had this previous history there 
was almost invariably a histoiy of an acute recent exacerbation of the 
sjTnptoms varjung in length from a few daj’s to two or three weeks 
prior to perforation. There were a few cases in wliich it was impossible 
to elicit a previous history of duodenal tj-pc of gastrointestinal distress. 
In this group of patients the findings at operation Avere different from 
those of the group Avho presented a histoiy of prolonged indigestion. 
There ivas found to be little scarring, tlie ulcer often presenting a 
punehed-out appearance witli A>-eiy minor periperforation induration. 
Such we believe to result from an acute ulcer, jiossibly metastatic from 
remote infection. 

The physical examination is of ti'emendous importance in making the 
diagnosis. One ,of us- previously outlined a trinity of sj'mptoms re- 
garded as indicative of an intraperitoneal catastrophe. These are: (1) 
the association of abdominal pain Avitli tenderness, (2) one point of max- 
imrun tenderness, and (3) increase of pain on change of posture such 
as occurs when the patient rolls over in bed. In other words, if a pa- 
tient complains of pain in the right iliac fossa and is tender in the area 
AA^here the pain is felt, Ave conclude that the lesion is intraperitoneal. 
Such are the findings in acute appendicitis. On the other hand, if the 
patient complains of pain in the right iliac fossa but is not tender to 
palpation there, we believe the lesion is extraperitoneal, such as a 
ureteral stone producing colic. If one adds to this trinity the presence 
of rebound tenderness on abdominal examination, Ave accept this as ir- 
refutable evidence of an intraperitoneal catastrophe, demanding a lap- 
arotomy. 

We have never seen a case of perforated duodenal ulcer Avithout a leu- 
coeytosis. One must recognize a physiologic leucocytosis such as may 
be found, for example, in the premenstrual phase in Avomen. One must 
be on guard during the period of reaction from the onset of the acute 
pain. During this time Ave may find the patient reasonably comfortable 
with a normal temperature and a normal pulse. W e may be lulled to a 
sense of false security and fail to recognize the emergency. Abdominal 
rigiditj’", hoAvever, is almost ahvays present in some degree. 

When the physical examination, together Avith the leucocyte count 
and urinalysis, has been carried out, the patient is taken to the x-ray 
laboratory and screened for the purpose of detecting the presence of air 
under the diaphragm. This finding is of great diagnostic value. If one 
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eau'demoDstratc the presence of free air in the peritoneal cavity, it is 
pathognomonic o£ an intraporiloneal perforation. We nnmt not, how- 
ever, diagnose the presence of free air in the peritoneal cavity solely on 
the absence of liver dnllness. We have seen instances in wliich the liver 
dullness was obliterated by distended colon. Thus, while the finding 
of air under the diaphragnr and the absence of liver dullness are of 
tremendous value in diagnosis of a perforated duodwial ulcer, failure to 
obtain these signs conversely is definitely no deterrent to this diagnosis. 
Indeed, in no instance in the last seven patients with perforated ulcer 
which we operated upon was air demonstrable undenaeath the dia- 
phragm, Shouldcr-tip pain, wlien presejit, is of real diagnostic value, 
as it indicates diaphragmatic irritation from some cause. 

Having established the diagnosis, we must ask ourselves several ques- 
tions. First, why is tlio patient Avith the acute perforation of a du- 
odental ulcer sick? The answer to this question which would be given 
by many, and indeed which -we believed for some time, Avas, that bac- 
terial peritonitis AA’as the factor responsible for the patient’s illness. 
This, hoAA'CAmr, has been refuted by our studies of bacteriology of the 
peritoneal exudate in these patients. In fifty-nine patients cultures Avere 
taken from the peritoneal cavity at the time of operation. Thirty-four 
of these fifty-nine cultures yielded no groAvth. Of the tAventy-five Avhich 
showed organisms on culture, there was one instance of pure culture of 
typhoid bacilli in a patient Avho tAA’-enty years previously had suffered 
from typhoid fever,^ There were only tAvo instances in Avhich colon 
bacilli grew on culture. There was only one case in Avhich tliere was a 
growth of hemolytic streptococci. This occurred in a 49-year-oH man 
AAdth a tAAfelve-hour perforation, who had a perfectly uneventful con- 
Amlescence and whose peritoneal cavity AA’-as closed AAuthout a di’am. The 
other instances in Avhich a positiA’-e culture Avas found included nou- 
pathogenic organisms such as nonlieraolytic streptococci, sti'eptoeoceus 
Auridans, diphtheroid bacilli, and staphylococcus albus, the latter prob- 
ably being a contamination. We must, therefore, look farther afield 
than the peritonitis Avhieh accompanies this emergenc}’' to explain Avhy 
these patients are sick. In consideration of this problem we eoneluded 
that the seriousness of the patient’s emergency AA^as in direct i'atio to; 
(1) the degree and duration of his pain, (2) the extent of his biochem- 
ical imbalance, and (3) the degree of nutritional disturbance present. 

As Avas mentioned before, in the great majority of these patients 
there had been a previous history of indigestion Avith a recent acute 
exacerbation of their sjouptoms. Many of them had an inadequate nu- 
trition of long standing for one of three reasons: First, they AA'ould 
not eat a proper diet because of some erroneous preconceived idea; sec- 
ond, they AA^ei’e unable to retain it ; third, they Avere never properly ad- 
vised regarding the necessity and details of an adequate diet. We haA-^e 
been very impressed Avith the soundness of the conception that the 
nutritional disturbance of the patient at the time of tlie perforation is 
a very important factor in contributing to the seriousness of their 
emergency. The aphorism Avhich has been so often quoted that, “The 
sun must never x’ise and the sun must never set on a patient suffering 
from an acute perforation of a duodenal ulcer without such a patient 
being operated upon,” we believe to be thoroughlj^ unsound. Our ex- 
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peiienec with {his further group of paticuls has led us to believe ’more 
firmly in the u'isdom of eoiTeetiiig the patieJit’s nutritional disturbance 
and bioehemieal imbalance before operation is undertaken. This has, 
on occasions, occupied as long as twelve hoiirs after the patient's admis- 
sion to the hospital. Wc have never foujid such delay to be disastrous. 

Case 1 is interesting in this connection. 

C.\SE REPORT 

Case t---A man, aged 53 ycar.«, was adniitted (o the deparfment of medicine for 
the inrestig.afion of an indigestion of wJnVh previous .studies Irnd failed to .diow 
evidence of organic disease. ITc Iiad complained bitterly on inanv’ occasions of 
.abdominal pain, and bad bad many previous operafion.s. At 6 a.m. be suffered a 
sudden epfg.a.strie pain with diffuse tenderness .and rigidity. He was seen in con- 
f^ultafhn six hours later. .Screening showed no free air under the diaphragm. He 
appeared to be de.'perately ill, hi.s blood pre.ssiire being 70/50. The diagnosis of 
a. perforated vi.=eas pre.sented little ditllculh'. The condition of the man, however, 
was so poor that immediate operation wa.« considered nntvisc. He was put in an 
o.vv'gen tent, wa.s given sufficient sedative to relieve the pain, and was given an 
intravenous injection of .c.aline solution and glucose, as well as 500 c.c. of plasma 
and 500 c.c. of whole blood, all intravenous medication being by the drip method. 
His condition improved and at the end of ten hours his blood pre.'sure was 110/70 
and pulse was SO. His appearance and general condition wore in marked contrast 
to his state when first seen. Interestingly enough at operation, which revealed a 
perfonaled duodenal ulcer, cultures from the intrapcritonenl exudate were sterile. 
I>e.«pite the fact that operation was not undertaken until sixteen hours following 
the perforation, ten hours being consumed in preoperativo preparation, he made an 
uninterrupted recovery. We arc convinced that in this case immedinte operation 
would have ended fatally. 

One may ask, what are the critei’ia for deferring operation? This can 
be summed up in an assessment of the patient’s general nutrition, the 
state of deh 3 'dration, the blood pressure, pulse rate, and temperature. 

We have never regi'etted the time, consumed in the preoperative prepara- 
tion of the desperately ill patient. Furthermore, in tliis group of 114 pa- 
tients, in which there were 7 operative deaths, there were only 3 instances 
in which the pei’itoneal infection was a contributing factor to tlie fatal- 
it 3 '. Thei'e were two subphrenic abscesses which ruptured into the 
bronchus, one of which was not diagnosed until autopsy. The third 
patient had pneumonia with an early mild peritonitis and the pneu- 
monia was considered to be the major factor responsible for the fatalit 3 ^ 

The next tliree questions we must ask ourselves are: (1) Why is an 
eniergenc 3 ' operation ever neeessaiy in gastrointestinal disease? (2) 
What is the surgeon’s responsibility in an emergency operation on tlie 
gastrointestinal tract? (3) Upon wliat do we depend for the closure of 
gastrointestinal perforation? These three questions must he answered in 
order to undertake the operative procedure intelligently and adequatefy. 

In answ^ering the first it must be obvious that we do an emergency 
operation solel3' because Ave believe that without operation the patient 
would die. In answering the second, the surgeon’s responsibility in an 
emei’gencA* operation is solety to saA'e life, and to do that AAdth the most 
simple, minimal, surgical procedure which will accomplish this end. 

The third ansAVer is that all gastrointestinal perforations are closed by 
the formation of fibrin. This makes possible all intestinal anastomoses. 
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The perforation made by eacli stitcli is soon iioaled by fibrin. Our prol)- 
lem is to. ensure fibi’in formation at the site of the pciToration. 

With this conception of our responsi))ility in an emergency opera- 
tion, we can consider the anesflictic. We arc firmly convinced that the 
use of a spinal anesllictic is ideal. There have been instances when 
the patient was so desperately ill that this anesthetic seemed in.fudieious. 
With increasing experience, howcvci*, the contraindications are decreas- 
ing. We used local block ane.sthe.sia in the abdominal Avail, plus splanch- 
nic block anesthesia transperitoncally in the patients aa’Iio Avere too ill 
for spinal anesthesia. The patient enters the operating room Avith a 
LcAun tube in the stomach and an inti'avenous infusion of glucose and 
saline solution already running. The intravenous therapy is useful 
not only for immediate value, but to provide a medium Avhereby stimu- 
lants may be giAmn effeetiA^ely and readily should the need become urgent 
during the operation. AVe recently have been using sodium pentothal 
as a supplement to spinal anesthesia to OA'creome any apjArehension 
and restlessness on the part of the patient. 

If the diagnosis is in doubt, and it is impossible to determine Avhether 
the patient is sulfering from acute appendicitis or a pei’forated ulcer, 
the pei’itoneal caAdty is opened through a gridiron incision in the right 
iliac fossa. This results in a minimum trauma. If the appendix is 
the source of the trouble it is effectiA’-ely dealt Avith, AAdiereas if the ap- 
pendix is nomal the upper abdomen may then be opened by a sepax’ate 
incision. Fibrin may be present around the appendix in the right iliac 
fossa, although the original lesion is a perforated ulcer. One must be 
on guard to recognize that such is a periappendicitis and not a primary 
appendicitis. To be alert to this possibility is sufficient to avoid an error. 
In our opinion it is much less traumatic to approach the doubtful case 
in this manner than it is to make a more extensive paramedian laparot- 
omy Avound as the primary procedure. 

If there is no doubt as to the diagnosis, the abdomen is opened through 
the upper right rectus muscle and the perforation usually is readily 
found by folloAving the fibrin tcAAmi’d the duodenal cap. 

Accepting the philosophy that Ave have no responsibility except to 
save the patient ’s life, Ave are spared any debate as to Avhether Ave should 
do a concomitant gastrojejunostomy, pyloroplasty, or gastric resection. 
None of these procedures is necessary to save the patient’s life. Some 
may argue during the operation for acute perforation that the degree 
of scarring and induration at the site of the perforation makes pjdoric 
obstruction inevitable. The operative procedure Ave suggest Avill xiot add 
to the mechanical obstruction AAffiich antedated the perforation. The pa- 
tient presented no emergency problem because of pylox-ie obstruction 
prior to the perforation, thus any aggravation of the pyloric stenosis 
is due to edema resulting fi’om the acute inflammatoxy process accom- 
panying the perforation. This can be controlled bj^ using an indAvelling 
duodenal tube Avith AVangensteen suction, maintaining bj^ parenteral 
means adequate nutritional and biochemical balance. In the few cases 
in AA'liich this proves inadequate, a jejunostomj’ may be simply and 
safely done as an operatioix of election. This pennits complete stud}-- 
of the patient and the performance of axi adequate gastric operatioxx 
at the optimum time. We cannot too heartily condemn all procedures 
saA'e simple closure at the operation for the acute pcrfoi-alion. 
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We have at this time no responsibility whatsoever to attempt to cure 
the patient of his duodenal ulcer. Realizing- also that fibrin is re- 
sponsible for the closure of all perforations in the gastrointestinal tract, 
ue guide fibrin to the perforation in the most simple manner possible. 
Three interrupted catgut sutures arc placed parallel to the long axis of 
the duodenum, one above, one below, and one across the perforation 
(Fig. 1). We then lay over the perforation a piece of omentum, either 
attached or detached, whichever seems the less disturbing to the intra- 
peritoneal content, and then tie the sutures just sufficiently tight to 
hold the omental patch in position (Fig. 2). The sutures are not tied 
tight enough for an attempt to be made to close the perforation. They 


Sutures tied 
over- free 
ornental ^raft. 


Fig. 1. Fig. 2. 

Fig. 1. — The placing of sutures in relation to perforation. 

Fig. 2. — Sutures tied over free omental graft. No attempt is made to close the 
perforation by the sutures. They are tied only sufficiently tight to hold the graft 
in situ. 

simply hold the omentum over the perforation so that fibrin forms in 
this area. If there is gross soiling of the peritoneal cavity, the exudate 
is sucked out, but one should not be so insistent upon sucking out all 
the intraperitoneal fluid as to traumatize the intraperitoneal contents 
unnecessarilj^ The abdominal wall is then closed vdthout drainage, 
according to one’s practice. Closure with stainless steel wire as ad- 
vocated by Jones and associates^ we believe is admirable. The elimina- 
tion of drainage has become almost routine. Unless there is gross con- 
tamination in a veiy late perforation it serves no useful purpose. In 
ninety-eight cases in which the presence or absence of drainage was 
deflnitely stated, a drain was left in at the time of the original operation 
in only fourteen. We have not used any of the sulfonamide drugs rou- 
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tinely in the peritoneal c<avi1.y. In this entire group there were only tlirce 
cases in which a sulfonamide was left in the peritoneal cavity. 

On the patient’s return to tlie ward, if his condition is grave, he is 
placed in an oxygen tent and given suilieient sedative, ])refcrably 
moi’phine, to control his pain. TJie intravenous administration of saline 
solution and glucose is maintained, and the stomach is kept empty by 
aspiration of the indv'elling duodenal tube. "We then cany on with the 
postoperative routine suggested b 3 ’' one of us'^ for gastric operations. 
The patient’s position is changed eveiy two hours and lie is encouraged 
to exercise the legs. Overbreathing is stimulated bj’- the administration 
of carbon dioxide eveiy two to four hours for the first twelve horn’s 
postoperativelj’- and he is encouraged to cough. 

If the patient is not doing well, there are three areas which must 
be examined immediatelj’- : first, the chest; second, the subphrenic 
spaces; and third, rectal. A rectal examination would have avoided the 
disaster which occurred to us when an unrecognized pelvic abscess per- 
forated into the general peritoneal cavit 3 ’- and caused a fatality. There 
is one pitfall in the investigation of the subphrenic spaces. If the pa- 
tient has been operated upon under spinal anesthesia, and his unsat- 
isfactory postoperative course leads one to suspect the presence of a 
subphrenic abscess, x-ra3' studies Avhieli show free gas under the dia- 
phragm must, not be taken as evidence in the support of a subphrenic 
lesion. Lewis® has shoim in a series of cases that air will normally oc- 
cupy the subphrenic space in patients who have had a laparotomy under 
spinal anesthesia for as long as six iveeks following operation. In our 
.hospital, as reported by Doidge and Warner,'’ the diagnosis of a sub- 
phrenic abscess requires all the resources at our disposal and despite 
these Ave fail all too frequently. 

Before the patient is disehai'ged from the hospital a careful smwey 
is made for possible sources of infection in the teeth, tonsils, and ac- 
cessory sinuses. Advice is given, in Avriting, detailing the management 
of his life and diet. We believe it is much more important for a patient 
to eat a varied diet between meals and at bedtime, as well as the three 
main meals, than it is to go on any elaborate and detailed and curtailed 
diet. We also insist on the value of avoiding tlie use of alcohol or to- 
bacco in any form. 

A further communication will deal Avith the subsequent fate' of these 
patients, the incidence of postoperative symptoms, and the necessity for 
subsequent operation. 


SUMMARY AND CONCLUSIONS 

1. A series of 114 perforated duodenal ulcers is presented. One 
hundred and eleven patients Avere operated upon Avith seven operative 
deaths, a mortality of 6.3 per cent. In only three patients did an intra- 
pei’itoneal infection contribute to the fatalit 3 L 

2. The factors responsible for the seriousness of this emergencA’’ are : 
(a) the degree and duration of the pain, (b) the degi’ee of biochemical 
imbalance, and (c) the degree of nutritional disturbance. 

3. The preoperative treatment of the patient is the most important 
factor in loAA-ering the operatiA'e mortalit3'-, despite the necessity of de- 
ferring the operation on occasion for as long as tArelve hours. 



712 


SUnCERY 


4. Baclerja] pcritointis as a laelov m the seriousness of this emorgoney 
IS n late manifestation. In fifty-nine cultures, thirty-four were sterile. 
In only two cases were colon bacilli found on cultui'e. IlemoBdie strep- 
tococcus Y-as recovered once and a pure culture of tyjdioid once. The 
other positive eultuves contained nonpat hogonic organisms. These find- 
ings’ .instify ivithholdiiig operation while biochemical and nutritional 
disturbances are corrected. 

5. The routine use of sulfonamide' drugs intraperiloneally appears 
superfluous. 

6. Braiiiagc of the abdomen at the time of closure of the perforation 
is unnecessary. 

1 . Under spinal anesthesia the closure of the perforation by an 
omental patch, attached or detached, held in place by tliree interrupted 
catgut sutures is an efficient and simple melliod. This reduces operative 
trauma and technical ditTicultics to the minimum and can he carried out 
with safety de.spitc limited faeilitic.s. 
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EXPBRBIENTAL EVALUATION OP A SATISFACTORY 
OPERATION FOR ULCER 

B. G. LaNNIK, M.D.,*- i'llNNEAPOLIS, j\'IlKN. 

(From the Department of Surpery, University of Minnesota) 


INTRODUCTION 


I. Purpose of the Present Shidy 

O P ALL the theories that have been advanced regarding the etiology 
of ulcer, the majority of investigators now recognize acid as the 
most important single factor. "Whei'eas it has been known for some 
time that ulcer might be produced by various surgical procedures which 
alter the normal anatomy, only recently has it been possible to produce 
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typical chronic duodenal and gastric ulcers in a variety of intact labo- 
ratory animals. 

It thus becomes apparent that an operative procedure, which would 
protect an animal against the development of such an experimentally 
induced ulcer, Avould have considerable clinical value in the surgical 
therapy of ulcer in man where similar lesions occur spontaneously. 

It is the purpose of this study then, to evaluate several operative 
procedures, experimentally, and determine which one or ones would 
have satisfactory clinical application. 

IJ. Rcvicto of the Litcraiiirc 

The voluminous accumulated literature attests to the widesiiread in- 
tei’est which the ulcer problem has initiated. 

Countless means and methods have been cm]doyed in an attempt to 
reijroduee the clinical lesions in exjierimental animals. 

It should be stated initially that the difference between the acute and 
chronic ulcer has long been appi'eciated. hlorton®" stated that, "the 
means of inducing chronic ulcer in animals, experimentally, are as few 
as those of inducing acute ulcer are numerous.” Whereas an acute ulcer 
may be produced by a variety of methods, almost invariably it is found 
to be entirely healed within two or three weeks. It was not until the 
work of Mann and Williamson^® (1923) that a method was made avail- 
able of producing chronic uleeis consistently in a high ]iercentage of 
animals. 

Although, as has been mentioned, the methods previoirslj' emploj’ed 
have been quite numerous and varied, an attempt will be made to classify 
them, give examples of each group, and discuss a few of them somewhat 
more in detail. 

A. Methods Altering the Normal Anatomy and Physiology of the 
Alimentary Tract, Especially the Normal Capacity for Neutralization, 
the Chemical i?’actor.— BickeP®' (1909) excised the duodenum in two 
dogs and established continuity by gastrojejunostomy. He implanted 
the bile and pancreatic ducts into the abdominal Avail as external fistulas. 
At autopsy, after four and one-half Aveeks, one of the animals shoAA^ed 
several jejunal ulcers, one of Avhich perforated Avith resulting peritonitis 
and death. Exalto®® (1911) observed no ulcer in seven dogs AAdth gas- 
troenterostomy. HoAvever, of seven dogs upon AAdiom the Roux Y 
operation Avas performed, six subsequently developed ulcer. He stated 
that jejunal ulcers Avere due to the action of the acid gastric juice on 
the intestinal mucosa. Because of his findings, he condemned the 
Roux Y operation and indicated that the operation least likely to be 
folloAved by jejunal ulcer Avas a posterior gastroenterostomy performed 
as close as possible to the duodenum. These observations Avere quite 
remarkable as they are certainly true today, nearly thirty-five years 
later. 

Grey‘= (1919) performed duodenectomy in dogs in multiple stages. 
At the first stage the common bile duct Avas ligated and the gall blad- 
der anastomosed to the proximal jejunum. At the second stage, the 
major pancreatic duct A\-as transplanted into the proximal jejunum 
and finally the duodenum AA'as resected and the upper jejunum Avas 
anastomosed to the stomach. HoAAmAmr, of four animals surAUAdiig the 
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second stage, two subsequently died before tlie final procedure could 
be accomplislied. At autopsy, both animals Avere found to haA'e per- 
foiated peptic ulcers — one in the distal duodenum and the other in the 
first inch of jejunum, aboA’o the transplanted pancreatic duet. lie con- 
cluded that the ulcers Avere due to the absence of the strongly alkaline 
juices ordinarily present in this region. 

IMann and KaAvamura'" (1922) studied the effects of duodenectomy. 
Of ten animals coming to necrop.sy, Iaa'o shoAved typical jejunal ulcers. 
The folloAving year (1923) Mann and 'Williamson'^ described their 
operation of “surgical duodenal drainage" in Avhich the alkaline duo- 
denal secretions are shunted into the tei'minal ileum. Fo\irteen of six- 
teen dogs dcA'eloped tjq)ieal subacute or chronic jejunal ulcers, klann 
ascribed this occurrence to a chemical and a mechanical component. 
He emphasized the significance of unneutralized gastric acid and the 
“ nozzlelike’’ action of the ijylorus A\diieh alloAved the gastric secretion 
to come in contact Avith the duodenal mucosa in .spurts Avith consider- 
able force. 

Mann and Williamson’s Avork Avas Avidely recognized and confirmed 
by a number of iiiA'cstigators. FolloAving this, numerous studies Avere 
undertaken to determine Avhieh of the duodenal secretions, the bile, 
pancreatic juice, or suecus entericus proAuded the greatest neutralizing 
capacity for the acid gastric juice. 

Dott and Linr” (1923) noted typical jejunal ulcers in dogs after 
gastroenterostomy with pjdoric exclusion as suggested by Yon Eisels- 
berg,^®® but did not note them in gastroenterostomy AAUthout pyloric 
exclusion. They therefore concluded that acid chyme AA'as necessary 
to stimulate the alkaline secretions of the duodenum including the bile 
and pancreatic juice, and that A\dth deficient alkaline secretion, ulcer 
AAmuld result. These findings are quite interesting and AAdll be dis- 
cussed later, somCAidiat more in detail. ' 

Dragstedt and Yaughn^® (1924) attempted to ansA\mr the age-old 
question of “AA^hy the stomach does not digest itself." They implanted 
A'arious segments of intestine, spleen, and kidney into the stomach but 
failed to note any cAudences of digestion. They concluded that the 
immunity to resist gastric digestion Avas more general than Avas for- 
merly supposed and did not reside AA^holly in mucous membranes. They 
suggested that the hypothesis that all living uninjm’ed cells could 
resist digestion Avas partly true. 

KapsinoAV®® (1926) accomplished total exclusion of bile by ligating 
the common duct and performing cholecystonephrostomy. He suc- 
ceeded in producing t 3 >-pical duodenal ulcer in seventeen of forty-three 
animals and, therefore, concluded that bile Avas an important factor 
in neutralization. 

De Takats and Mamn® (1927) transplanted 5 cm. jejunal loops and 
sutured them as patches into the stomach Avail. A typical peptic ulcer 
occurred in three of tAventy-five animals AAdien the patch Avas placed 
along the lesser curAmture; they did not occur if the patches Avere 
placed elseAvhere in the stomach. They felt that this finding added 
significance to the mechanical factor in the formation of ulcer. 

hidrton®® (1927) confirmed the findings of de Takats and Mann and 
continued the investigation. He produced acute ulcers in the stomach ^ 
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by excising segments of tlie mncosa and subnuicosa and noted that all 
healed in normal fashion. He then exci.scd small areas of the mneosa 
and performed the Hann-Williamson oper.ition coincidentally. A delay 
in healing resulted in all expcriment.s, and 50 per cent of the ulcers on 
the lesser curvature became subacute or chronic, whereas similar areas 
on the greater curvature healed. 

In another sei'ies of experiments he performed the duodenal drain- 
age operatiorr. After an interval of lAventy to sixty-five days, the ani- 
mal was again opei'ated upon and the presence of a jejunal ulcer con- 
firmed. A gastroeirterostomy was performed at this laparotomy. The 
arrimals were then saerificed in from four to sixteen days. All ulcers 
showed unmistakable evidences of healing. However, newly develop- 
ing ulcers were found opposite the gastroenteric stoma. 

Somewhat later Slorton®-' placed jejunal patches in various locations 
on the stomach, as suggested by ilann, and noted only one ulcer. He 
then did the operation of duodenal drainage in thirteen animals. Of 
five dogs wth the patches on the lesser curvature, typical ulcer de- 
veloped in three instances. Otherwise, no ulcer occurred and it thus 
appeared that the lesser curvature was the most susceptible location. 

McCann®® (1929) altered the Mann-Williamson operation by im- 
planting the duodenal loop high in the fundus of the stomach, thus 
assuring complete intragastxlc regurgitation. Jejunal ulcers were 
found in 80 per cent of twenty-six dogs following this procedure. He 
also studied the gastric secretion following the procedure and the 
Mann-Williamson operation. No significant change in the acidity of 
the secretion resulted and he therefore assumed that the jejunal 
ulceration was due to a failure of neutralization of tile normal acid 
ehjTne rather than a hyperacid secretion. 

Neuman, Demoor, and Delayers®® (1931) noted ulcers in four of 
seven dogs with total exclusion of bile into the terminal ileum. With 
deviation of duodenal and pancreatic secretions, ulcers Avere obtained 
in two of six dogs. Loewy®® also produced duodenitis and ulceration 
with total external biliary fistulas. Berg and Jobling® (1930) noted 
chronic duodenal ulcers in thirteen of twenty-three dogs with various 
types of biliary exclusion. 

Elman and Hartmann®® (1931), however, emphasized the importance 
of the pancreatic juice and noted ulcers in six dogs with pancreatic 
fistulas which drained for thirteen days or more. Berg and Zucker® 
(1932) again, on the contrary, re-emphasized the importance of the 
bile and noted ulcers in 60 per cent of animals with biliary exclusion 
and only one ulcer in fourteen animals with pancreatic fistula. In a 
later report, Berg^ (1934) found only one ulcer in sixteen dogs with 
pancreatic fistula, and no ulcers in eight dogs Avith total pancreatectomy. 

OAvings and Smith®"- (1932) also favored the bile as the most im- 
portant neutralizing factor in preventing ulcer. They performed Mann- 
Williamson operations but implanted the duodenal loop only twenty-four 
inches beloAV the gastroenterostomy Avhich had been made a few inches 
beloAv the ligament of Treitz. In seven dogs in Ai'-hich ulcer developed, 
thej-- then implanted the proximal loop into the stomach; in four in- 
stances the ulcer healed completely, and in tAvo eases partial healing 
resulted. This would appear to be contrary to IMcCann’s findings. 
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Jenkins and Palmer'^ (1.931) performed iJIann-Wiiliamson operations 
but. made a wide side-to-sidc k'asiroenterostomy sloma rather than the 
msual end-to-end 8astro.iejunostoniT. Tiic same incidence of ulcer re- 
sulted, howevm-, and Diey therefore concluded that unncutralizcd acid 
\va.s llie most im])oi’tant factor ratlier than the mechanical effect. Later 
Gallagher and Ikdmer^o (1933) noted no difference in tlie rate of de- 
velopnmnt of Jejuna} ulcer in (he Braiin-Williamson preparation if the 
duodenal loop uas implanted at various levels in the intestinal tract. 

Bollman and j\rann’* (1932) found ideer in sixty-four of cighty- 
.seven dogs with ligation of the common bile duct and Kim and Ivy“® 
(19,31) noted spontaneous duodenal ulcers in six of ten dogs with 
biliary fistula. 

i\rann and Bollman'^ (1932) Avere able to produce ulcer by dripping 
0.4 per cent hydrochloric acid into the stomach through an intestinal 
fi.stula and stated that .daily i-epetition of excess acidity was necessary 
to cause a depre.ssion of neutralization. 

In a preliminary report, IMatthew.s'* (19.31) noted the effect of anas- 
tomosing a PavloA’ pouch to an isolated loop of loAver ileum. A typical 
ulcer deA’cIoped in all instances (six dogs) Avithin eighty days. 

^latthcAvs and Dragstedt"'’ (1932) furnished considerable eAudenee 
for the acid genesis of ulcer. They stated that the results of Drag- 
stedt and VaughiP'' might be ex])lained by the neutralizing effect of 
food. SAvalloAved saliva, mucus, and the regurgitation of alkaline duo- 
denal juices. Their "exjDerimental IMeekel’s diA-ertieulum ulcer" dem- 
onstrated convincingly the corrosive chemical action of unneutralized 
pure gastric juice. Thej^ also repeated the Jlann-Williamson experi- 
ment but implanted the duodenal loop oid}' 40 cm. beloAv the ga.stro- 
.jejunostomy. 

Onlj’ one ulcer in tA\’enty-one experimejits Avas noted. They then in- 
troduced a valve Avhieh prevented regiu’gitation of the duodenal juices, 
and chronic jejunal ulcers re.sulted in six cases. 

Similarly, the preA'cntion of the regurgitation of the alkaline duo- 
denal juices into the stomach of normal dogs by the introduction of a 
valve into the pjdorus raised the free and total acidity of the gastric 
content, delayed healing of acute gastric ulcers, and caused the ap- 
pearance of spontaneous ulcers in intestinal mucosal transplants. 

Harpeff^’ (1932 and 1935) attacked the problem in a slightly differ- 
ent manner but Avith conAuncing results. He made fundic pouches in the 
dog and used antiperistaltic loops of A'arious segments of the intestine to 
carry the secretion to the outside as described by iMaiin and Bollman." 

He found that ulcers formed in the fistulas in all instances. The aver- 
age interval before perforation Avhen utilizing the ileum Avas twenty- 
three days, AAdiereas, AAutli the jejunum the interval increased to seventy- 
one days. If the duodenum aa'os employed, ulcers developed but per- 
foration did not occur. Pie thus concluded that the upper intestine is 
more resistant to the corrosive action of gastric juice than the loAver 
semnents. If catheters Avere introduced through the fistulas into the 
pouch to a.ssure good drainage, ulceration failed to occur. 

Ivy, Schrager, and Morgan*" noted spontaneous duodenal ulcers in 
do"S Avith chronic mild icterus and hepatitis. 
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Hoerner''“ (1934) studied. 4he cffccl of exclusion of 11)e pancrcalic 
juice from tlie duodenum. Following evulsion of the pancreatic ducts, 
ulcer failed to occur, hut with pancreatic fistula, ulcer was observed 
in 42 per cent of the animals. 

No change in the gastric contents was found following either of 
these procedures but the reaction of the duodenal contents in a fasting 
state was more A’ariable and after a protein or carbohydrate meat the 
pH of the duodenal content was lower and maintained for a longer time. 

Ochsner, Gage, and Ilosoi®" (1934) convincingly demonstrated the 
protective influence of bile. Tliey noted an incidence of ulcer in S5 per 
cent of animals in whom pouches had been anastomosed to the jejunum. 
However, if the bile was introduced by anastomosis of the gall bladder 
to the pouch, the incidence of ulcer was lowered to 39 per cent. 

Blanck” (1935) believed that the loss of bile was of paramount im- 
portance in inducing experimental ulceration. He made com)ilete ex- 
ternal biliary fistulas in eight dogs. Five were fed only the stock diet 
and all developed ulcers. The remaining three were fed the bile col- 
lected from the biliarj' fistulas in addition to the stock diet and no ulcers 
were observed. 

AVu^®- (1935) made Mann-BoUman fistulas 5 to 10 cm. below the 
ligament of Treitz and studied the pH of the intestinal content. He 
then performed the Mann-AA^illiamson operation and observed that 
the jejunal contents were much moi’e acid than normal, and subject 
to wider fluctuations. McMaster’^ (1934) made end-to-side anastomo- 
sis between the pyloric end of the stomach and progressively lower 
levels of the intestine from the duodenum to. the colon. The intestinal 
mucosa was observed to be increasingly sensitive to gastric content 
from the duodenum to the colon. No ulcers were observed with gas- 
troduodenostomy, a 45 per cent incidence with gastrojejunostomy, an 
80 per cent incidence with gastroileostomy, and a 100 per cent inci- 
dence with gastroeolostomy. He believed the acid gastric content ap- 
peared to be the most important factor in the production of ulceration 
of the intestinal mucosa. These findings offer opportunity for con- 
siderable speculation and ndll be discussed more in detail later. 

DeBakey^® (1937) attempted to ascertain the relative i^rotective 
power of the bile, pancreatic juice, and succus entericus. He per- 
formed pyloric exclusion and gastrojejunostomy after the method of 
A^on Eiselsberg.^®® He then excluded the bile and pancreatic juice in- 
dividually and collectively. 

AVith pyloric exclusion alone, ulcer was observed in 50 per cent of 
the animals; with pancreatic juice excluded, 70 per cent; with bile 
excluded, 90 per cent; and with both juices excluded, 100 per cent. 
He, thei'efoi’e, concluded that bile was of greatest importance in pre- 
venting the formation of jejunal ulcer, with pancreatic juice next in 
order and the succus entericus least important. 

Bachraeh, Schmidt, and Beazell* (1939) observed only two ulcers in 
fifteen dogs with complete biliary fistulas if the collected bile were 
returned. In nineteen dogs with pancreas separated from the duo- 
denum, only one ulcer was observed. 

Schiffrin*’" (1940) stressed the importance of pepsin and was unable 
to produce ulcer in an intestinal loop bj- employing acid alone but 
succeeded with an acid pepsin mixture. 
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However, Walpole and liis co-workers”® produced ulcer in tlie cat 
by instillation of dilute lij'drocldoric acid, and Varco”^ succeeded in 
producing ulcer in a loop of dog’s intestine employing acid. 

jMore recently Koloucli.®^ by observing directly the effects of acid on 
an exposed loop of intestine, has studied the pH necessary to produce 
ulceration. 

. In summary, several facts become apparent. The effect of unneu- 
tralized gastric acid is undeniable. j^Iechanical and traumatic factors 
may -play a role but certainly a lesser one. Bile appears to be the 
most important factor in neutralizing acid, with pancreatic juice next 
in order and the suecus entericus least important. Ulcer may be pro- 
duced consistently by altering the normal acid-alkaline mechanism. 
There appears to be a progressive increase in susceptibility to gastric 
acid from the duodenum to the colon. 

B. Methods Alierhu) the Normal Vascular Supply of the Stomach.— 
Virchow’s theory of embolic infarction as the etiologic agent in ulcer 
stimulated manj' invcstigatoi's to attempt to produce ulcer disturbing 
the normal blood supply to tlic stomach. Tlie first attempts were the 
introduction of foreign body particles into the blood stream. 

Panum®- (1862) injected an emulsion of wax into the femoral 
artery of dogs and produced multiple hemorrhagic infarcts and ulcem 
in the stomach. However, the majority of the animals died vathin 
twenty-four houi-s, so the fate of the ulcei’s was inconclusive. Cohn- 
heim®^ (1890) injected a suspension of lead chromate into one of the 
gastric branches of the splenic artery. He produced large ulcers which 
were usually perfectly hfealed at the end of three weeks. Other in- 
A'estigators used a variety of substances with rather variable results. 
Ivy®® injected suspensions of finely divided animal charcoal into the 
gastroepiploic arteries with negative results, but succeeded in produc- 
ing acute ulcers in three animals by using lead chromate. 

The effects of ligation of blood vessels suppljdng the stomach were 
also investigated. Litthauer®® was able to ligate the blood supply of 
one-third of the stomach without producing ulcer. He then ligated all 
the vessels in a given area of the stomach, excised a segment of mucosa, 
and fed the animals 200 c.c. of dilute hydrochloric acid daily. He was 
able to produce ulcer in two of eight experiments but stated that the 
“artificial production of a condition of hyperchlorhydria was essential 
to obtain a true gastric ulcer.” 

Ivy®® ligated six to eight of the branches of the gastroepiploic vessels 
supplying the pyloric portion of the stomach, with negative results. 

He also made silver nitrate ulcers in areas where the large blood ves- 
sels had been ligated and found that they healed in normal time. 

Beeves®* studied the anatomic arrangements of the arteries along the 
lesser curvature and first portion of the duodenum and noted that 
anastomoses were infrequent. He suggested that these vessels were 
predisposed to thrombosis which might be an important factor in the 
causation of ulcer by hematogenous infection. 

Layne and Bergh®* found that ligation of two or three of the large 
arteries supplying the stomach produced no significant alteration of 

id gastric secretion nor alteration in the appearance of the gastric 
mucosa Thus it Avould appear that alterations in blood supply to the 
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stomach, which might occur clinicallj’’, would be distinctly unusual and 
most certainly play a minor role as otiologic factors in the production 
of ulcer. 

C. Methods Altering the Nor77ial Nerve Pathways . — A number of in- 
vestigators have altered the normal nerve patliways in an attempt to 
produce ulcer. The majoritj^ of attacks have been directed at the vagi, 
the splanchnics, and tlie central nervous system. Unfortunately, a 
number of conflicting reports have caused some confusion in this regard, 
especially the vagi. 

Durante®’^ (1916) produced ulcer by resecting the splanchnic nerves. 
He stated that the integrity of the gastric cell was dependent upon the 
sympathetic nervous system and damage to these structures would 
cause a “trophic” ulcer. Greggio''^ (1916) was able to produce ulcer 
in the dog and rabbit by vagotomy. Beaver and Mann® (1931) made 
Mann-Williamson preparations and, in addition, sectioned the vagi in 
the thorax in one series of animals, and in another, divided the 
splanchnics. Ulcer developed in all except one instance and they, 
therefore, concluded that section of these nerves Avould not prevent 
the occurrence of ulcer. 

Beazell and Ivy® found gastric ulcer in twelve of twenty-nine rabbits 
fed on a rough diet and in whom bilateral vagotomy had been per- 
formed. If the animals were fed a soft diet, however, ulcer was ob- 
served in only three of nineteen animals. They concluded that me- 
chanical trauma was a factor, therefore. Ulcer did not occur in sixty 
dogs receiving a soft diet, upon whom bilateral vagotomy was per- 
formed above the diaphragm. 

Lium®^ (1941) noted peptic ulcers in four of nine dogs upon whom 
the prevertebral ganglia had been removed. 

Obeiiing and Kalto®® noted, incidentally, lesions of the stomach in 
twelve of twenty-nine animals after operations upon the central gray 
nuclei. 

Cushing^^ reported clinically three perforated ulcers following crani- 
otomy Avith a fatal outcome in each instance. 

It has not been possible, hoAvever, to reproduce typical gastric and 
duodenal lesions consistently by any of these methods and other ave- 
nues of approach appear more profitable. 

D. Bacterial Methods. — Turck^"® (1906) produced ulcers in dogs by 
feeding Bacillus coli communis. However, Bauer® (1910) was unable to 
confirm Turek’s findings and stated that the alleged ulcers Avere only 
pseudo-ulcers Avhich Avere similar to Peyer’s patches. Prom the pub- 
lished photographs in Turck’s paper, it Avould appear that Bauer Avas 
correct. 

EosenoAA"®® has published several papers dealing A\uth this subject 
and has reported the production of gastric and duodenal ulcers which 
resemble those in man by the intravenous injection of alleged specific 
streptococci. HoAvever, Wilensky and Geist”® Avere unable to confirm 
RoseuoAv’s AA'ork. 

They made defects in the stomach Avail of cats and implanted cultures 
of organisms from a human ulcer AA’ith negative results. 

Iaw®® injected cultures of streptococci into tAA'o or three branches of 
the gastroepiploic artmles in a series of dogs, Avith negative results. 
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Bacteria were also feci by mouth, and lacerations which had been made 
in the gastric mucosa healed in norjiial time a 7 id no tilcers developed. 
However, in cachectic animals, chronic ulcer was occasionally observed. 

Hoffmann''® (1925) was able to pi’ccluee ulcei’ in guinea pigs by in- 
jecting, intra-abdominally, a solution of stomach contents from patients 
w ith ulcer. He was also able to reproduce the findings in other guinea 
by iiijecting eultiu'cs taken fi’om the induced ulcers. 

It is Avell known that ulcer is a disease which occurs in individuals 
uho are otherwise health}' and, in the light of our other knowledge, 
it seems unlikely that bacteria pla.y a very significant role in the 
genesis of ulcer. 

E. lileihods Involving Dictorii AUerniions . — Kim and Ivy®® fed neu- 
tral gastric mucin to seventeen dogs with external biliary fistula and 
prevented the development of ulcer. 

Smith and i\rcConkey'®‘ noted ulcers in 26 per cent of guinea pigs 
placed on a diet deficient in vitamin C. Diets deficient in vitamins A, 
B, or D did not cause ulcer if the vitamin C intake was adequate. 

Wceeh and Paige”' found ulcers in eight (36 per cent) of twenty- 
two dogs placed on a protein deficient diet. An additional 23 per cent 
showed erosions without true ulcer formation. 

"Wu^®® observed that subcutaneous injections of histidine would not 
protect animals against the development of ulcer after the iilann- 
Williamson operation. These observations were contrary to those of 
Weiss and Aron.”® 


Cheney®® produced ulcers in chicks by deficient diets and observed 
hyperacidity in the chicks with ulcer. 

Again, it is appreciated that xilcer occurs quite universally in people 
who have subsisted on a variety of diets and thus here, too, it seems 
unlikely that dietary alterations would play more than a minor role 
in the production of ulcer. 

F. Methods Emplojjing Certain Drags. — These methods usually in- 
clude the injection of a drug into an. intact animal or directly into tlie 
wall of the stomach. A wide vaidety of drags has been used and it is 
possible to produce acute ulcer with a number of different substances. 
Underhill and PreiheiU®® (1928) found that acute ulcerations could be 
produced in a rabbit’s stomach with toxic doses of pilocarpine. They 
noted similar findings using a combination of pilocarpine and epineph- 
rine but epinephrine alone would not produce the lesions. The ulcera- 
tions appeared more pronouiiced with an acid condition in the stomach 
and the pilocarpine caused a marked increase in peristalsis. 

Light, Bishop, and Kendall®® were able to produce gastric ulcers in 
rabbits in 94 per cent of instances by injecting only 10 mg. of pilo- 
carpine into the lateral cerebral ventricles. A similar proportion was 
noted vith .subcutaneous administration only if the dose was increased 


to at lea.st 75 mg. 

Van Wagoner and ChurchilP®® (1932) first noted ga.stric and duo- 
denal ulcers in experimental cinehophen poisoning. Stalker, BoIImmi, 
and Mann®®® continued the inquiry and noted that the gastric acidity 
was apparently, unchanged but there was an increased secretion when 
the ’ulcer was developing. They believed the lesion started as diffuse 
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gastritis wliich developed into superficial erosions and acute ulcers which 
occasionally heeaine chronic. They Avcrc able to produce the lesion in 
dogs by administering the di'Ug either oi’ally, intravenoirsly, subcuta- 
neously, I'octally, or by injection into an inte.stinal fistula. Simonds 
believed that cinchophen ulcers originated in areas of purulent gasti-itis 
and that hyperacidity was not a significant factor. 

Dodds and co-workers=® produced a lesion in the fundus of a rabbit. ’s 
stomach by the injection of posterior pituitary extract. The lesion was 
markedly limited to the acid-bearing area, however, and was not at all 
similar to clinical ulcer. 

Metz®^ has reproduced the findings in the rabbit’s stomach, but also 
states the lesion is in no way similar to peptic ulcer occurring in man 
and has, on the contrary, treated clinical ulcers using pituitary extract 
with encouraging results.®- 

Hanke^® noted ulcer in eats after daily injeetions of 2 to 3 Gm. of 
caffeine sodium salicylate. ICanatake®' pi'odueed ulcer by subcutaneous 
administration of various aliphatic amines. 

The highest incidence of positive results, however, has followed tlie 
use of histamine. The profound effect of histamine upon gastric secre- 
tion has long been appreciated. 

Mcllroy"® (1928) made traumatic lesions in the prepyloi'ic region of 
cats. He then injected histamine in 10 to 20 mg. doses on alternate 
days and noted extensioir of the original lesion in all except one in- 
stance. Tie attributed the results to the increased hydrochloric acid 
induced iDy the histamine. 

Buchner and Molloy“ (1927) produced ulcer in about 33 per cent 
of rats, employing doses of 6 to 12 mg. histamine per 100 Gm. of body 
weight. Atropine in 0.5 mg. doses did not change the effect. 

Biiehner, Siebert, and Molloy^® (1928) continued the study and noted 
an increased incidence of ulcer by starving the animals on alternate days. 

Biirkle-de la Camp'® (1929) enlarged upon Buchner’s work. He also 
produced ulcer in rats by histamine injection and starvation, and ob- 
served that the results were not altered by dividing both vagi. He 
was, hower'^er, unable to produce ulcer in an intact dog, even combined 
with two to three days’ starvation, but demonstrated delayed healing- 
in artificially produced ulcers. 

Matseuda” (1931) produced ulcers and erosions in 60 per cent of 
guinea pigs, 33 per cent of dogs, and 22 per cent of rabbits using doses 
of histamine ranging from 1 to 3 mg, per kilogram given three times 
daily. 

0 ’Shaughnessy®” (1931) noted ulcer in two of five cats by injection 
of a histamine solution into the muscular layer of the stomach wall. 
One ulcer was quite similar to a chronic ulcer in man. 

Ilardc" (1932) was able to produce subacute and chronic lesions in 
the stomach of mice by suberdaueous injections of 0.25 mg. histamine. 
He noted no lesioiis in rabbits and only a few in guinea pigs with a 
dose of 1 mg. per animal. 

Eppinger and Leuchtenberger®* (1932) observed edema, swelling, 
and reddening in the gastric mucosa of the dog, following histamine 
injeetions. There Avere punctate and hemorrhagic erosions but no true 
ulcers. 
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Friedemvald, Feldman, and ]Morrison=>» (1933) assayed the effect of 
a number of substances by direct injection into tlie gastric wall. They 
emploj ed representatives of fats, CHO, protein, metals, and other 
chemicaLs, jjrincipally vai’ious strengths of hydrochloric acid. They 
vere able to produce only one small healed ulcer, employing histamine. 
Acute rilcer could be produced quite regularly by injecting 1 per cent 
hydrochloric acid into the stomach, and when histamine was given con- 
currently by subcutaneous administration, no evidences of chronicity 
followed. They, therefore, concluded that the prolonged administra- 
tion of histamine is not a factor in the production of chronic ulcer. 

Carnot and co-workei's^*’ (1933), on the contrary, observed quite 
the opposite effects. Thej' produced ulcer by injecting varying 
amounts and concentrations of h 3 ’’droehloric acid directly into the 
stomach vail. Thej^ then attempted to observe anj' effect of the addi- 
tion of 1 mg. histamine. 


Thej' found that the ulcers were not located exclusivelj’’ along the 
lesser curvature and were more numerous. The lesions presented a 
hemorrhagic appearance and some ulcers appeared more chronic with 
less tendenc 5 ’- to heal. 


Flood and Howes^® (1934) observed that the subcutaneous adminis- 
tration of histamine interfered with the healing of a mucosal defect in 
the prepjdoric region of the stomach of the cat and dog, but had little 
effect if the defect were made high on the greater curvature. 

Orndorff, Bergh, and (1935) made a verj' diligent effort to 

produce ulcer with histamine. Thej' injected dogs with 2 mg. of 
aqueous histamine every two hours, ten times a day. During the re- 
maining four hours, the animals were fed. They produced erosions 
in the duodenum of four of nine dogs biit no true ulcers. Using pilo- 
carpine in 2.5 mg. doses, they observed extensive mucosal hemorrhages 
throughout the stomach and intestine in six of thirteen dogs. Em- 
ploying a combination of histamine and pilocarpine, they observed 
mucosal hemorrhages and erosions in thirteen of twenty-five dogs, but 
no instance of a definite ixlcer. 

Heinlein and Kastrup^® (1938), using cats, noted a gastritis with 
edema and mucosal hemorrhages following large intravenous doses of 
histaxnine but failed to observe either erosions or ulcers. They noted 
an elevation of the acid values, but believed they played only a sec- 
ondary role in the genesis of ulcer. 

Code and Varco” (1940) first noted the profound sustained effect 
upon gastric secretion followmg the injection of a histamine-beeswax 
mixture. Copious quantities of highly acid juice were secreted and 
the effect lasted at least twentj^-foitr hours in the majority of cases. 


Walpole and co-workers”” had been able to produce erosions and 
ulcerations in cats quite readily by the daily instillation of 0.4 per cent 
hydrochloric acid. They, therefore, attempted a comparison between 
ulcer production in response to endogenous and exogenous acid. Seven 
cats were injected with daily doses of 20 mg. of histamine, and ulcers 
were noted in all instances. 

Varco^”® utilized the same technique but used the dogs Avith sig- 
nificant results. Typical gastric and duodenal ulder occurred in every 
instance. It thus became apparent that the duodenal ulcers were due 
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to'fllie contiimous cxccssh’e sccrelion oi u liifrbly add gastric juice, 
evoked by the bistaiuine-bccswax mixture. 

Hay and associates^' (1942) extended the study to include nearly 
all tlie common laboratory animals as avcII as tbe pig, cliicken, calf, 
and Avoodcbuck. 

TAliical gastric and duodenal iilccrs Avere again observed in a iiigb 
percentage of animals studied, indicating the applicability and merit 
of tbe method. By substituting caffeine rather than histamine in the 
beesAvax mixture, Judd== Avas able to produce ulcerations in eats and 
guinea pigs and, similarly, using morphine, ircrondino’’® produced 
ulcer also in cats and guinea pigs. 

Thus, for the first time, a metbod became aA'ailable for producing 
tjincal chronic gastric and duodenal ulcers in a variety of intact labo- 
ratory animals. The importance of highly acid gastric juice in tbe 
genesis of ulcer Avas definitely established. 

G. Miscellaneous Methods. — Bolton'^ (1910) produced acute gastric 
ulcer in the cat by utilizing a “gastrotoxin” prepared by immunizing 
a goat Avith a cat’s gastric cells. He then injected the goat’s serum 
into the stomach Avail of the cat, producing an aci\te ulcer. 

Maun'^ (1916) noted acute ulcers in a large percentage of dogs and 
cats dying after bilateral adrenalectomy Avhere symptoms of adrenal 
insufficiency had developed. 

Hy®- noted four acute ulcers and numeroiis petechial hemorrhages 
in tAventy-four thyroid-paratliyroidectomized dogs. 

Shapiro and (1926) produced acute ulcers AHth local allergic phe- 
nomena by sensitizing an animal to a specific protein. 

Wolfer'’^® (1926) exposed the lumen of the stomach and gave x-ray 
radiation for thirty minutes Avith subsequent development of ulcer. 

Kabat and Hedin°" noted erosions and ulcerations in cats, folloAAdng 
severe burns, and Merendino®® has produced ulcer by fracturing the long 
bones of experimental animals, both methods probably being related 
to the release of histamine or a histamine-like substance. 

Thus, in summary, after a fairly complete survey of the literature, 
it would appear that Code’s method of the implantation of a histamine- 
beesAvax mixture proAddes the best means of producing typical chronic 
duodenal and gastric ulcer. It is freelj^ admitted that ulcer may be 
prodvAced by a variety of methods, but the majority of them invoke 
alteration of the normal anatomy and physiology of the animal. 

The value of producing typical lesions at Avill, in an intact animal, 
is obAdous and Code’s methods fulfill that criterion admirably. 

DESCRIPTION OF THE jMETHOD, OPERATIA'E PROCEDURES AND RESULTS 

For nearly fifty years, surgeons have been treating ulcer quite em- 
pirically, employing a variety of operations Avithout any definite knoAvl- 
edge of Avhat their operation Avould accomplish. Their only criterion 
of success Avas the prevention of recurrence of the ulcer. It is indeed 
unfortunate that the initial improvement AAdiich folloA\'s almost anj’’ 
operative procedure upon the stomach Avas not better understood. 
Nearly any operation Avhich increases the emptying time of the stom- 
ach and deviates the acid gastric juice aAvay from the ulcerated duo- 
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denum will allow healing of the duodenal ulcer, only to be followed 
at some future date by the even more distressing jejunal ulcer. 

Thus, surgeons, encouraged by their early successes and without 
appreciating the unfortunate results to come, performed operations in 
increasing numbers and eventually Tound many of tlieir patients in a 
far worse predicament than if no operation had been done. One can- 
not help but wonder how many lives have been lost by inflicting upon 
patients such disastrous operations as those suggested by Von Eisels- 
beig, Schmilinsky,°‘ and Devine"* when these people might have 
struggled along for years, sutfering intermittently with tlieir ulcers 
but still alive. It is not surprising that internists became hesitant to 
suggest operation to their patients when no definite improvement could 
be assured. 

All this has changed. The importance of the acid factor has been 
demonstrated repeatedly and convincingly. Thus, the most important 
criterion which a satisfactory operation for ulcer must fulfill is effec- 
tual reduction of gastric acidity. Operations which fail to accomplish 
this leave too much to chance and will certainly be followed by a defi- 
nite percentage of failure. With the means available for producing 
ulcer consistently in a number of laboratoiy animals, the protective 
influence of a variet}' of operative procedures may be assayed. The 
patient need no longer be made to serve as an experimental animal 
for new and untried procedures. 

The value of twelve operative procedures has been subjected to ex- 
perimental scrutiny and an attempt made to correlate the findings 
with the clinical data already available. 

These operations include the majority of the commonly employed 
procedures in the surgical treatment of ulcer with the possible excep- 
tion of pyloroplast}'' which v*as omitted because of its close relationship 
to gastrojejunostomy. 

It is admitted that surgery is not the final answer to the ulcer prob- 
lem. Surgical intervention is necessary only because medical manage- 
ment fails and the surgeon would be the first to relinquish his part 
if other equally as satisfactory conservative means were at hand. It is 
somewhat of an admission of defeat to remove an extensive segment 
of the stomach to heal a small stubborn duodenal ulcer and might be 
likened to the sacrifice of a lower limb in an attempt to control a 
diabetic gangrene involving only the toes and foot. 

However, until better means are available, it would appear that sur- 
gery offers the best chance of effectively controlling gastric acidity. 

The rarity of spontaneous ulcer in the dog has been recognized by 
a number of investigators y"’ therefore, dogs were chosen as the 

laboi’atory animals for these investigations.®^ 

The dogs were fasted for twelve hours prior to operation. The op- 
erative procedures were done under intratracheal ether anesthesia. 

All anastomoses were accomplished by the closed aseptic technique as 
described by Wangensteen.”^ The animals were supported during the 
immediate postoperative period by daily intravenous infusion of glu- 
cose and saline solutions. 

A period of three months was then allowed to elapse before the 
histamine injections were initiated to insure complete recoieiy fiom 
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tlie operative procedures. During this period, the animals ‘U’cre fed 
the usual stock diet cousi.sting of commercial dog biscuit, supplemented 
occasionally by raw meat and table scraps. 

The injection periods were then instituted. These were done daily, 
at about 5 p.ai., following which the feed pans were removed and no 
food was allowed until the next morning. The technique of preparing 
the histamine-in-beeswax mixture has been described in detail elsc- 
where^®’ and the daily dose of 30 mg. of histamine base was employed 
in all instances. The injections were made intramuscularly in multiple 
sites along the spinal muscles to insure adequate liberation of the 
histamine. 

The sAuiiptoms of a developing ulcer were usually easily recognized. 
The animals became listless, cachectic, refused food, and, frequently, 
blood vomitus or tarry stools could be observed. Obviously moribund 
animals were sacrificed in order to obtain fresh autopsj’- specimens. 
The surviAung animals were sacrificed at the end of the forty-day 
injection period. In each series of animals control dogs were injected 
and all of them developed typical duodenal ulcer. Ctrossl}', these ulcers 
are quite similar in appearance to those developing spontaneously in 
man, with hemorrhage, excavation, induration, and pex’foration being 
commonly observed. 

Microscopic sections of the ulcer were made in each instance and the 
findings were quite uniform. The free perforations obviously showed 
a loss of all the layers of the bowel wall and the chronic ulcers demon- 
strated a loss of the mucosal and submucosal layers with heaped-up 
overhanging edges and a leucocjdic infiltration at the base of the ulcer. 
No tendency toward healing was noted. 


I. Group I — Gastrojejunostomy 

Gastrojejunostomy is perhaps the oldest of the operative procedures 
employed in the treatment of ulcer. Although Wolfier’s initial proce- 
dure (1881) was for inoperable carcinoma, the operation of von Hacker 
(1885) was quite similar to the one usually done today. 

About the turn of the century, reports of jejunal ulcei* following 
gastrojejunostomy began to appear in the literature. Thus, surgeons 
began to seek out other more satisfactory procedures. The European 
surgeons were far in advance of the American surgeons in employing 
the more radical gastric resection in the treatment of ulcer 

Gastrojejunostomy continued to enjoy widespread popularity in His 
country with the exception of a few surgeons as A. A. Bero- Lewisolui, 
and Strauss, Avho pioneered the more radical gastric resection 

The formidable mortality which accompanied gastric resect ion in its 
early years makes it easily understandable why the less hn/.ardoiis 
gastrojejunostomy Avas more acceptable. 

However, with the present-day mortality rate of resection r-oiaparh:- 
favorably Avith that of gastrojejunostomy and tlie numerous nnfaver^ 
able reports of jejunal ulcer folloAving the conservati-v p/'oe^- 
the once Avidespread popularit;^of gastrojejunostomy is 

V ‘ tilcer, folloAA-inv gastio’ 


AA-aning. The incidence of 
has been reported in Avid 




ranging bet-.-.-f-mi 
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per cent, and js probably due to difference in indications and age 
groups. Instances of recurrent ulcer, developing from twenty to thirty 
years following the initial gastrojejuno-stomy, are not unusual although 
the average interval is probably about five years. 

Thus, a true estimate of the ultimate occurrence must certainly ap- 
proach 15 per cent. 

Ihe alleged benefits of gastrojejunostomy are due not only to the 
new avenue of escape for the .stomach contents but also to the re- 
gurgitation of the alkaline duodenal juices into the stomach with neu- 
tralization of the gastric secretion. 



Fig. 1. — I, Gastrojejunostomy ; U, small gastric resection or antral excision ; III, 
extensive three-quarter gastric resection ; IV, Finsterer antral exclusion ; IVA, Fin- 
sterer antral exclusion with excision of antral- mucosa ; antral resection plus total 
intragastric regurgitation, Sclimilinsky procedure; VI, fundusectomy with gastro- 
jejunostomy : VII, fundusectomy ; VIII, hemigastrectomy ; IX, Devine exclusion ; X, 
modified Devine exclusion with total intragas.ric regurgitation ; XI. sleeve resection 
of segmental gastrectomy. 


Although the gastric acidity is usually lowered following this pro- 
cedure, in the experience of this clinic, none of the patients with duo- 
denal ulcer studied was persistently achlorhydric and the incidence of 
jejunal ulcer was 10 per cent.”"' Therefore, the procedure has been 
almost entirely abandoned in this clinic, and only seven deliberate gas- 
trojejunostomies for nicer have been performed in the past five years. 
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Tarlh I 

IXCICEXCE OF .TEJUN-AO Ill.Cr.Il POOEOWIXO GAKTnO.JI;.7lTNOKTOMY 


DOG 

NUMBER 

AVEIGHT 

(I.B.) 

NUMBER 
OP IN- 
JECTIONS 

RESULTS 

remarks 

1 

31 

3 

Perforated* 2.5 eiii. jeju- 
nal ulcer 

Dog expired, peritonitis 

o 

2J) 

40 

2 cm. jejunal ulcer 

Also numerous erosions in 
jejunum 

n 

3C 

13 

Perforated 1.5 cm. jeju- 
nal ulcer 

Dog ex'pircd, peritonitis 

I 

30 

40 

2 cm. jejunal ulcer 



*800 Fig. 2. 


Gastrojejunostomy urns performed on four dogs. It Avill be noted 
(Table I), that ulcer developed in all the animals, and two dogs expired 
from peritonitis, due to large, perforated jejunal ulcers. 

It thus becomes apparent that this operation offers no protection 
against the dcAmlopment of ulcer but, on the contrary, appears to 
expedite its occurrence. All the ulcers developed in the jejunum, and 
no duodenal or gastric ulcers were observed. 

It must lie admitted that this operation occasionally is of value, 
especially in the older patients whose principal difficulty is obstruc- 
tion, but Avith the operative risk of gastric resection approaching that 
of the more couserAmtive gastrojejunostomy, these instances must be 
quite infrequent. 

II. Group II — Small Gastric Resection or Antral Excision 

It is the small gastric resection or airtral excision Avhich is partly 
responsible for the statement that' gastric resection offers no more 
protection against the occurrence of reeun-ent ulcer than does gastro- 
jejtinostomy. 

It is not unnatural that surgeons undergoing the transition between 
the eonseiwative and the more radical procedures Avere somcAvhat timid 
in the extent of their resection. Thus, the first partial gastrectomies 
Avere hardly more tlian psdorectomies or antrectomies. 

IIoAvever, recurrent ulcers Avere also observed folloAving this opera- 
tion and thus gastric resection fell into disrepute. 

The operation fails to reduce adequately gastric acidity and must be 
considered unsatisfactor 5 ^ In a small seines of cases observed in this 
clinic, none of the patients Avas persistently achlorhydric folloAving 
this procedure and the incidence of jejunal ulcer Avas 33 per cent.«* 


Table II 

Incidence of Jejunal XJlcer Folloavinq Small Gastric Resection 


BOG 

NUMBER 

AA'EMHT 

(LB.) 

NUMBER 

OF IN- 
JECTIONS 

RESULTS 

remarks 

iS5 

35 

40 

2 cm. jejunal ulcer 


1S7 

32 

40 

2 cm. jejunal ulcer 

Dicer almost perforated, also 

19C 

35 

35 

2 cm. jejunal ulcer* 

marked jejunitis 

Dog moribund, entire intesti- 

20 

15 

40 

1 cm. jejunal ulcer 

nal tract filled with old 
blood 


•Roe PiE. 3. 
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per cent, and is probably due to dilTerenee in indications and age 
groups. Instances of recurrent ulcer, developing fi'om Uventy to thirty 
years following the initial gastrojejunostomy, are not unu.sual altliough 
the average interval is probably about five years. 

Thus, a true e.stiinate of tlie ultimate occurrence must certainlv ap- 
proach 15 per cent. 

The alleged benefits of gastrojejunostomy are due not only to the 
new avenue of escape for the stomach contents but also to the re- 
gurgitation of the alkaline duodenal juices into the stomach with neu- 
tralization of the gastric secretion. 



Fig-. 1. — Gastrojejunostomy ; JI, .small gastric resection or antral excision ; I//, 
extensive three-quarter gastric resection : /V. Finsterer antral exclusion ; IVA, Pin- 
sterer antral exclusion with excision of antrat mucosa ; V, antral resection plus total 
intrag-astric regurgitation, Schmilinsky procedure; VJ, fundusectomy with gastro- 
jejunostomy : Til, fundusectomy ; Till, liemigastrectomy ; IX, Devine exclusion ; X, 
modified Devine exclusion with total intragas.ric regurgitation ; XI, sleeve resection 
of segmental gastrectomy. 

Although the gastric acidity is usually lowered following this pro- 
cedure, in the experience of this clinic, none of the patients with duo- 
denal ulcer studied was persistently achlorhydric and the incidence of 
jejunal ulcer was 10 per cent.“^' Therefore, the procedure has been 
almost entirely abandoned in this clinic, and only seven deliberate gas- 
trojejunostomies for ulcer have been performed in the past five years. 
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some vavialion in dift'cvcnt clinics. The surgeon must be able to show 
good reason for sacrificing an extensive segment, of stomach. 

The ideal resection should remove «a portion of the stomach which 
u'ill effectively control gastric acidity and insure protection against 
reenrrent nicer and yet leave the patient with a residual pouch large 
enough to provide a satisfactory gastric capacity. The Ihree-quarter 
resection would appear to satisfy lhi.s requirement. 

This operative procedure includes resection of the distal 75 per cent 
of the stomach, followed by anastomosis with the first portion of the 
jejunum and inversion of the lesser curvature, according to the Ilof- 
meister pattern. This operation was done on four dogs. 


Tabce in 

IKCIBENCE or Jejokai. UECEa Foeeowikg Extenasive Gastric Rn.sncTiox 


DOG 

NTIMBEK 

AVEionr 

(EB.) 

NUMBER 

OF IN- 
JECTIONS 

RESULTS 

kescarils 

6 

38 

40 

, No ulcer 


2a 

20 

40 

No ulcer 


24 

47 

\ 

40 

No ulcer* 

Few small submucosal hem- 
orrhages in gastric pouch 

28 

i7 

40 

No ulcer 

Mild gastritis vrith 1 small 
erosion adjacent to 
esophagus 


*See Fig. 4. 


Tims, this operation completely pi’Otects the dog again.st the develop- 
ment of an experimentally induced ulcer. The resection of an exten- 
sive segment of the stomach alone, however, is not enough, as addi- 
tional factors must be considered. 

The importance of the length of the proximal afferent loop cannot 
be overemphasized. The increasing susceptibility to acid gastric juice 
of the loAver intestinal tract has been attributed to decreased tissue 
resistance' by Harper McMaster,'^ lilatthews and Dragstedt/® and 
others. Although there is good evidence to support this thesis, it 
seems possible that another factor may play a role. It has been shomi 
that the duodenum and the upper jejunum are the most potent sources 
of secretin,” the hormone which regulates the secretion of the alka- 
line pancreatic juice.^ It is also known that the acid gastric secretion 
is necessary to actumte the secretin and this stimulates the secretion 
of pancreatic juice. Thus, if the acid gastric secretion were intro- 
duced into the jejunum, below the secretin-eontaining segment of duo- 
denum and upper jejunum, the secretion of pancreatic juice might be 
inadequate to neutralize the acid gastric juice, and jejunal nicer would 
result. Studies are uow being made to determine which of the two 
factors, tissue susceptibilitj’- or tlie secretin response, is the more im- 
portant. However, no matter which mechanism is the more responsi- 
ble, sufficient expei-imental and clinical cridenee is available to con- 
demn the long afferent loop. MerendinoS“ has performed extensive 
three-quarter gastric resection in the dog and, by employing a long 
75 cm. afferent loop, has observed two perforated jejunal ulcers after 
employing the histamine-in-beesAvax injections. 

Kiefer, reporting the experiences of the Lahey Clinic, admits an 
incidence of reenrrent ulcer in 12 (6.9 per cent) of 173 patients upon 
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ivhom ail extensive gastric resection had been performed for duodenal 
ulcer. An additional 8 patients (4.6 per cent) exhibited postoperative 
hemorrhage although no definite ulcer ivas demonstrated. Thus, the 
results obtained in 20 (11.5 per cent) patients were clearly unsatis- 
factory. The gastric resection was apparently quite extensive but 
Lahey is an ardent advocate of the long loop anterior anastomosis. 

In a recent review from this clinic, the results following 241 resec- 
tions were studied.®' Of that number. 140 operations were done for 
duodenal ulcer, 23 for duodenal and gastric ulcer occurring coinei- 
dentall}', and 2.5 for gasti’oje,iunaI ulcer. The remainder of the otier- 
ations were done for gastric and pyloric ulcers. 

The operation done in oveiy case was the three-quarter resection 
with the anastomosis being made posterior to, right at, or even prox- 
imal to, the ligament of Ti'citz. Not a single instance of recurrent 
jejunal ulcer has been observed following this procedure. 



Pig. 4. — Normal jejunum (Dog 24) after extensive Basfric resection. Note the 
short afferent loop. Dog saenfleed after forty injections of histamine-in-heeswax 
mixture. 

Thus, experimental and clinical evidence clearly favors the short 
afferent loop. It is unfortunate that technical difficulties render im- 
possible the employment of the Billroth I pattern of anastomosis as 
it would certainly be the most physiologic procedure. 

The extensive three-quarter resection with the short loop anastomosis 
would thus appear to be most satisfactoiy, both from an experimental 
and clinical background. 

It might indeed he argued that a slightly less extensive i-eseetion 
would prove equally as satisfactory, especially in the cases in the older 
age group or in the patients with gastric ulcer. 

However, the results following approximately 300 resections, which 
have been done to date for gastric and duodenal ulcer, have been so 
consistently gratifying, that it rvould not seem necessary to employ a 
less certain procedure. 
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JVA. Finsicrer Antral Exchtsion- With Ercmon of Antral ?Iucosa 

This oi^erative proccclui'c is identical Avitli the Group Ifl ojFeralion 
except for the technical variation of inversion of tlie duodeninn. The 
difficulties in dealing with the so-called “inopei'able” duodenal nicer 
are familiar to all gastric surgeons. They arc also aware of the iin- 
hajFpy results obtained when attempting to deal with such a problcni 
by employing one of the exclusion procedures of Von Eiselsberg, 
Pinsterer/' or Devine.*' 

Although actual excision of the ulcer is unimportant, the necessity 
of ablating the anti’al mucosa is now quite apparent. A number of 
surgeons, notably, Plenlc,''^ Bancroft,^ IVolfson and I?othenberg,’=‘ and 
Wangensteen”-' have concerned themselves with this problem. The 
“gastrin” thesis of Edkins has previously been mentioned. 

Thus, the antral mucosa is excised and the closiu’e accomplished by 
employing the antral musculature. This procedure was done on four 
dogs (see Table lA’^A). 


Table IVA 

Incidence of Jejunal IFlcer Following Finsterep. Antral Exclu.sion 
AVitii Excision of Antral Muco.sa 


DOG 

NUMBER 

AVEtOHT 

(LB.) 

NUMBER 

OF IN- 
JECTIONS 

RESULTS 

REMARKS 

46 

20 

40 

No ulcer 

Several erosions in gastric 


pouch, especially about 
esophagus ; antral muscu- 
lature markedly shrunken 

_• It A- "rv rt 


48 

35 

40 

No ulcer 

Findings similar to Dog 13 

64 

48 

40 

No ulcer 

82 

36 

40 

No ulcer 



The results (Table IVA) in this group are thus equally as acceptable 
as those in the previous series. 

Although this procedure is of little experimental value, it has proved 
to be an inAmluable adjunct in dealing with Avliat might be air exceed- 
ingly difficult situation. This procedure has noAV been done in approx- 
imately forty patients Avith equally as satisfactory results as following 
the Group III operation. 

IV. Finsterer Antral Exclusion 

This procedure is again identical Avith the Group III operation ex- 
cept for the antrum Avhich is not removed. The stomach is cliAuded 
about 5 to 6 cm. proximal to the pylorus and the distal end is inverted. 
The operation Avas clone on four dogs. 

In attempting to correlate the findings in this group (Table IV) 
Avith the Edkins’ hypothesis, it Avould appear that the results are sug- 
gestive but not conelusiA'^e. The erosions in the gastric pouch Avere 
more numerous than in either of the two preceding groups but the 
finding.s in tlie jejunum Avere essentially unchanged. 

Faiiley, Strauss, and Ivy^® did Finsterer type resections in tivelve 
dogs and observed the cleA'elopment of three (25 per cent) jejunal 
ulcers Avithin seven months. They excised about 66 per cent of the 
stomach, including the antrum, and made the auastouiosi.s witli the 
first loop of jejunum. 
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Table TV’’ 


IXCIPENCE OP Jp;jUNAIi ULCEU FOLLOWING FiXSTEUEIS ANTHAL EXCLUSION 


DOG 

NUMBER 

WF.IGHT 

(LB.) 

NU.MBER 

OF IN- RESULTS 

jr.CTlOKS 

remarks 

12 

43 

32 Several erosions in jeju- 
num with marked 
jejunitis 

Dog expired after 3 injec- 
tions 

29 

41 

40 Xo ulcer 

Xuniorous erosions through- 
out gastric pouch with 
antral gastritis 

30 

3T 

40 No ulcer 

Numerous erosions in gas- 
tric pouch 

30 

37 

40 Xo nicer 

As in Bog 19 


111 this clinic, the incidence of jejunal uleev following this ty^ie of 
operation is 8.5 per cent and other surgeons have reported even more 
unsatisfactory results. One patient, in particular, illu-strates the sig- 
nificance of the antrum quite eonvineingly. I’ollowing a Pinsterer 
exclusion operation, he continued to have difficulty and exliibited high 
acid values repeatcdl}'. At a secondary operation, the residual antral - 
segment, which measured only 16 sq. cm., was excised, following which 
the patient became almost completely achlorhydric with a complete 
cessation of sjnnptoins. 

Thus, although conclusive experimental data are lacking, accumu- 
lated evidence would suggest that this procedure should be discarded 
in favor of the Group III or IVA operation. 


I'. ** l* ti Ji It 3t 







beeswax mixture. 

7. Antral Resection Plus Total Intragastric Regurgitation 
This procedure as advocated by .Sohmilinaky" tvas performed on 

^°The°enU-ance of all the alkaline bile and 

stomach wonW at first sight appear to be a desirable featnre. Hou- 
eTit soon became apparent that it was epute the contrary. 
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Table V 


iNCIDEXCn OF JEJUKAL Ul.CEIt ]'’OLLO\VlNG ART!tAI< KESEfTION PLUS 
Total Intiiaqastkio REOUitoiTATiON* 


DOG 

NUMBER 

aveioht 

(LB.) 

NU-MBER 
OF IN- 
JECTIONS 

RESULTS 

remarks 

38 

27 

40 

1.5 cm. jejuuul ulcer 

Dog died, peritonitis 

41 

27 

0 

Pcrforiited 1 cm. jejunal 
ulcer 

43 

40 

n 

4 jejunal ulcers,* 2 per- 
forated 

Dog died, peritonitis; also 
old blood in intestine 

49 

47 

8 

Perfor.ated 1 cm. jejunal 
ulcer 

Dog died, peritonitis 


♦Sce Fig. 5. 


Tile explanation of sueli a formidable incidence of Jejunal ulcer is 
not altogether clear, altliougli it might be due to an interminable stim- 
ulation of the second (gastric) phase of gastric secretion by the bile 
and pancreatic juice or a failure of liberation of secretin. 

Whatever the explanation, it is obvious that this procedure enhances, 
rather than protects against, the development of jejunal ulcer and is 
thus to be condemned. Fortunately, it was only performed on three 
patients, two (66 per cent) of whom promptly developed jejunal uleer.”^ 

F/. Fundxiscctomy With Gastrojej'iinostoniij 

This procedure was first suggested bj^ Comiell in 1929.“° He main- 
tained that excision of the fundic portion of the stomach would effec- 
tively reduce gastric acidity and recommended the operation for its 
simplicity because no anastomosis was necessary. 

However, Seely and Zollinger®® and Watson^^® have shown that al- 
though acid values may be initially reduced, within a few months they 
will return to preoperative levels. 

In this group, fundusectomy was combined with gastrojejunostomy 
and was done on four dogs. 


Table VI 

Incidence of Ulcer Following Fundusectomy Wmi Gastrojejunostomy 


DOG 

NUMBER 

AVEIGHT 

(lb.) 

number 

OF IN- 
JECTIONS 

RESULTS 

REMARKS 

31 

42 

40 

No ulcer 

Mild jejunitis 

33 

35 

40 

No ulcer 

Few erosions in gastric 
pouch 

o4 

40 

40 

No ulcer 

78 

30 

40 

No uleer 



Thus, this procedure appears to furnish satisfactory protection against 
the development of jejunal ulcer (Table VI) although, clinically, the 
gastric capacity following this operation is less adequate than that 
following the Group IH or IVA procedure as the most dilatable portion 
of the stomach is removed. No jejunal ulcer has been observed clin- 
ically in eight patients upon whom this operation has been done, al- 
though only tivo (25 per cent) are persistently aehlorhj-dric. 

VII. Fxmduscctomy 

The opei-ation in this series approxunates ConneH's original descrip- 
tion and was done on four dogs. 
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^ Table VII 

In'cipe.n’ce of Ulcer Followinc Fijndusectoxiv 


BOG 

N'UMBER 

WEIGHT 

(LB.) 

NUMBER 

OF IN- RESULTS 

.TECTI0N.« 

nEilAKKS 

10 

32 

40 

ICo ulcer 

lilild antral gastritis 

21 

23 

40 

Small duodenal erosions 

Marked antral gastritis 

22 

37 

40 

Duodenal erosion 

Antral gastritis 

7o 

27 

40 

Duodenal* ulceration 

Submucosal antral hemor- 




, 

• rliages 


»Sce Fig. C. 


This proecduve, Ihei-efore, offers less protection than the preceding 
one (Table VTI). Both again offer opportunity to evaluate Edkins’ 
In’pothesis. It would appear, especially from the results in Group VII, 
that the evidence favored the Edkins’ thesis as although tlie extent 
of the resection in this group (VII) is as great as in the Group III or 
IVA operation, tlie findings following fundusectomy,^in which the an- 
trum remains in situ, arc considerably different. 



None of the five patients upon whom this operation was done be- 
came achlorhydric and symptoms from the ulcer continue in two of 
them, one of whom subsequently had the antrum and pylorus excised 
Thiis, the principle of fundusectomy cannot compete favorably AVitii 
the Group III or IVA procedures, and the clinical indications for such 
an operation would also be much more limited. 


VIII. Hcmigasireciomy 

TIuiiVi has questioned the necessity of the extensive three-quarter 
•rastric resection and advocated a more conservative procedure or 
hLi-astrectomy. Accordingly, this operation was done on four dogs. 
It would thus appear (Table Vlll) that the operation ^oes not ftir- 
• 1 ndpouate protection. Hunt admits the possibility of an occa- 
1 ■ ^ ulcer but considers that less important than the impair- 
0 W tanetion ,v.,ich he alleges folios the me. ex.ens.vo 

resection. 
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Tabu: VJII 


iNCIBRNCi; OF .TBJUFM, UBCBB FOUAIWIN'G jrj;MKJASTI!nCTO.My 


poo 

XUMBER 

AmCHT 

(LB.) 

XOMBEK 

OP IN- 
JECTIONS 

RESULTS 

RintAUKS 

58 

36 

4 

4 jojupal* ulcers, 1 pcr- 
foLitcd 

Dog died, peritonitis 

02 

31 

40 

Ko ulcer 

Marked gastritis 

73 

18 

40 

No ulcer 


77 

26 

40 

.Tcjunal erosion, no ulcer 



*Seo Piff. 7. 


Tlie experience of tins clinic, hoAvever, Avonlcl suggest tliat the weight 
of, evidence tips the scales in the opposite direction, Tlie unsatisfac- 
toiy results and the necessity of even an occasional reoperation Avould 
appear to be far more disturbing than the incidence of any degree 
of impairment of gastric function observed in this elinie. 



Pie. 7- Pig. 8. 

Pie, 7.— Slultiple jejunal ulcers (Dog 58) following heniigasti-ectoroy. Dog expired 
from peritonitis after four injections of histamine-in-beeswax mixture. 

Pig. S. — Large Jejunal ulcer following Devine exclusion. Dog sacriflcod after forty 
injections of histamine-in-beesw'ax mixture. 

Hemigastrectomy would undoubtedly prove to be eminently satis- 
factory in a great majority of instances, but in the light of the gratify- 
ing results aeeompanjdng the Group III and IVA operations, it would 
not appear advisable to accept even a small incidence of recurrent ulcer. 

IX. Devine Exclusion 

No additional experimental evidence is necessary to bring to light 
the dismal record of this operation. The experience of surgeons witli 
this unfortunate procedure has been uniformly disastrous. 
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Table IX 


IxciDEXCE OF Jejukai, TJlcer Pollowing Devin'e Exclusion 


DOG 

number 

WEIGHT 

(LB.) 

NUMBER 
or IN- 
JECTION 

RESULTS 

REMARKS 

88 

CO 

31 

^lultiple jejunal ulcers; 

Dog died; peritonitis 

89 

42 

40 

one 2 cm. ulcer 

Large 3 by 5 cm.* indur- 
ntod jejunal ulcer 

*Seo Fig. 8. 





It M-ns fielded merely to complete the series and further test the effi- 
cienej of the method. The .stomach was divided at about its lower 
third, the distal end inverted, and the jejunum anastomosed to the 
proximal gastric segment. This procedure was done on two dogs. 

No fiirther comment is ncces.sary to condemn this procedure (Table 
IX). 


X. Modified Devine Exclusion With Total Intragasiric 
Regurgitation 

The effects of total intragastrie regurgitation have been mentioned 
and the failure of liberation of secretin suggested as a possible ex- 
planation. Thus the stomach was divided at about it,s mid-portion to 
assure the entrance of a definite quantity of acid gastric juice into 
the proximal loop. This loop was then implanted high on the fundus 
and the jejunum anastomosed to the proximal gastric segment. This 
procedure was done on two dogs. 


Table X 

Incidence of Jejunal Ulcer Following Modified Dewne Exclusion 
lYiTii Total Intragastric BEGURcn'ATioN 


DOG 

XUMBER 

WEIGHT 

(LB.) 

DUMBER 
OF IK- 
JECTIOXS 

RESUI.TS 

XIEMAUKS 

153 

3G 

4 

3 jejunal ulcers, 2 per- 
forated 


154 

30 

28 

2 jejunal ulcers 1 to 2 cm. 
in diameter 

Dog sacrificed, moribund 


Thus, this procedure is equally unsatisfactory (Table X). If any 
protective influence did arise from the activation of secretin, it would 
appear to have been overcome by the torrent of acid gastric juice. 
The principle of intragastrie regurgitation ivould thus appear to be 
unsatisfactory. 

XI. Sleeve Resection or Segmental Gastrectomy 

The sleeve resection procedure has also been quite uniformly dis- 
carded by surgeons. The central 50 per cent of the stomach was re- 
sected, following wliich the antrum was anastomosed to the remaining 
proximal (25 per cent) gastric pouch. This procedure was done on 

two dogs. 

Although the experimental evidence is not conclusive (Table XT), 
the clinical limitations of such an operative procedure are obvious. 

Suspected malignancy in gastric ulcers, duodenal obstructions, or 
hemorrhage would preclude the employment of this operation. 
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Tabi-E XI 

IxciDEXcn OF Ulceu Fobbowixo Sleeve Eesectiox or SEC!^rENTAL Gaktrectomv 


DOG' 

NUMBER 

aveight 

(LB.) 

NUMBER 
OP IN- 
JECTIONS 

RESULTS 

REIIARKS 

142 

30 

40 

Ko ulcer 

Few suI)tmicosaI antral Lem- 

loC 

32 

40 

Sm.all duodenal erosion 

orrliago 


Here again, the Edkins’ hypothesis maj’’ be tested and, although 
not conclusive, the incidence would appear not to support this thesis 
as the extent of resection approximates that of the hemigastreetomj^, 
but the results are certainly no Avorse and might even be better. It 
Avould appear, hoAvever, to support the Billroth I pattern of resection. 

SUAIJI.UJY AXD CONCLUSIOXS 

The preponderance of eAudenee suggests that the most imiiortant 
single factor in the causation of tilcer is an excess of unneutralized 
gastric acid. Accordingly, a satisfactory operation must control this 
item adequatelj'. Code’s histamine-in-beesAvax preparation has made 
it possible to produce ulcer consistent]}'^ in a A'ariety of intact labora- 
tory animals. It is also possible, therefore, to assay the protective 
ability of a number of operative procedures against the formation of 
ulcer. The experimental data obtained by employing this method 
Avould appear to substantiate the clinical data already available indi- 
cating the efficiency of this expei’imental apijroach to the ulcer prob- 
lem. It also proA'ides a means of evaluating any neAV or untried pro- 
cedures Avithout submitting the patient to an “experimental” operation. 

A number of requirements Avhich a satisfactory operation must fulfill 
have become apparent. First, an effective reduction of gastric secretion 
must be accomplished Avhieh necessitates the sacrifice of an extensive 
segment of gastric tissue, including the antrum and the lesser curvature. 

Second, the manner of duodenal inA'crsion, AA'ith or Avithout remoA'al 
of the ulcer, is of no great consequence, but all the antral mucosa must 
be removed. 

Although experimental evidence favoring the Bdldns’ hypothesis is 
not conclusive, clinical experience has indicated clearly the importance 
of the antral mucosa. 

Finally, the anastomosis Avith the jejunum must be made in such a 
manner that the proximal afferent loop is as short as possible. The 
possibilities of the secretin factor and decreased tissue susceptibility 
haA'e been mentioned and the evidence condemning the long loop is 
conclusive. 

1. Thus, gastrojejunostomy, heniigastrectomy, and the small gastric 
resection are inadequate operations, as they fail to reduce gastric secre- 
tion effeetiA'ely. 

2. The exclusion type of operation is unsatisfactory as the antral 
hormonal influence is uncontrolled. 

3. The principle of total intragastric regurgitation is to be condemned. 

4. The limited indications for the segmental resection or fundusee- 
tomy are mentioned. 

0 . The most satisfactory operation AA'Ould appear to be an extensi\'e 
three-quarter gastric resection, including the antrum, or at least the 






740 


SUKGKRV 


G4. 

65. 

6G. 

G7. 

GS. 

09 . 

70. 

71. 

72. 

73. 

74. 
73. 


La 3 ne, .T. A. and Bcrgh, &. S.: The Effect of Ligation of Arteries of the 
btomach Upon Acid Gastric Secretion and Upon (he Endoscopic Appearance 
of the Gastric Mucosa in the Dog, SononuY 13: 13G-144, 1913. 

Light, E. 0., B^hop, C. C., and Kendall, L. G.: The Production of Ga.stric 
Uesions in Ealibits b.y Injection of Small Amount.s of Pilocarpine Into 
_ the Cerebrospinal Fluid, .T. Pharmacol. & Exj)er. Therap. 45: 227-251, 1032. 

Littliauer, M.; Eecherclics expcrinientales sur la pathogenic- de 1 ’ulcers 
rond stoniacal, J. dc ohir. 2: 424, 1909. 

Lium, It.; Peptic Ulcer and Diarrhea Folloiving the Pemoval of the Pre- 
vertebral Ganglia, in Dogs, Shugeuy 9; 53S-55.3, 1941. 

Locivj', G.; Experience sur la production d'ulcercs duodenaiix par derivation 
isoleo de la bile, Bull, et mem. Soc. nat. dc cliir. 56: 243-249, 1930. 

McCann, J. G.: Experimental Peptic Ulcer, Arch. Surg. 19: 600-G59, 1929. 

Experimental Production of Gastric Ulcer, Proc. Soc. Exner. 
Biol. & iNtcd. 25: 2G8-2G9, 1927-1928. 

McMasler, P. h.; Effects of Diverting the Gn.«trie Confent.s to the Lower 
Intestinal Levels, Arch. Surg. 28: S25-S3C. 1934. 

!Mann, F. C.; A Study of the Gastric Ulcers Following Eemoval of the 
Adrenals, J. Exper. ^fcd. 23; 203-210, 191G. 

Jfann, F. G., and Bollman, .T. L.; Experinient.alh' Produced Peptic Ulcer.s, 
.T- A. M. A. 99: 157C-15S2, 1932. e , 

Mann, F. G., and Bollman, .L L.; The Reaction of the Content of the Gastro- 
intestinal Tract, .T. A. M. A. 95: 1722-1724, 1930. 

Mann, F. C., and Kawamura, IC,: Duodencctomv, Ann. Surg. 75: 208-220, 

1922. . > b ! 


7G. Mann, F. C., and Williamson, G. S.: The Experimental Production of Peptic 
Ulcer, Ann. Surg. 77: 404-422, 192.3. 

77. Matseuda, A.: Zur expcrimcntellcn erzeugung des iMagengeschwiire durcli 
histamin, IClin. Wchnsehr. 10: 2263, 1931. 

7S. ^latthews, W. B.: Production of Inlo.stinal Ulcer.s bv Active Gastric .Tiiice, 
Proc. Soc. Exper. Biol. & Mod. 28: 960-901, 1931. 

79. Matthews, W. B.. and Drngstedt, L. R.; TIio Etiology of Gastric and Duo- 
denal Ulcer. Surg., Gynec. k Obst. 55: 265-286, 1932. 

50. Merendino, K. A.; Unpublished data, 1943. 

51. Metz, M. H.: A Gastric Lesion Produced bv Posterior Pituitary Extract, 

Texas State J. IMcd. 34: 295-297, 1938. 

82. ^fotz. M. H., and Lackey, R. W.: Treatment of Peptic Ulcer With Posterior 
Pituitary Extract — Preliminary Report, Texas State .1. Med. 32: 5S9-590, 
1937. 

53. Morton, C. B.: Observations on Peptic Ulcer, Ann. Surg. 85: 207-23S, 1927. 

54. Morton, C. B.: Observations on Peptic Ulcer, Ann. Snrg. 85: S79-SS5, 1927. 

55. Keuman, F., Demoor, P., and Deloyers, L.: Contribution h 1 ’etude de la 

pathogenic des ulcores gastro-duodenaux, Compt. rend. Soc. de biol. 105: 
S87-S93, 1931. 

SO. Oberling, O., and Kalto. A.: Ulccres aigus de I’estomac consecutifs .4 des 
lesions experimentales des novaux gris centraux, Compt. rend. Soc. de 
biol. 102: S32-S33, 1929. 

S7. Oclisner, A., Gage, M., and Hosoi, K.: The Relationship of Peptic Ulcera- 
tion to Gastric Cheraism, Proc. Soc, Exper. Biol. & Med. 31: 1260, 1034. 

SS. Orndorff, .1. R., Bergh, G. S., and Ivy, A. C.: Peptic Ulcer and the An.xiety 
Complex, Surg., Gynec. & Obst. 61: 162-168, 1935. 

89. O’Shaughnessv, L.; Etiologj* of Peptic Ulcer, Lancet 220: 177-lSl, 1931. 

90. Owings, J. o' and Smith, 1. II.: Experimental Production and Cure of 

.Tejunal Ulcers, Proc. Soc. Exper. Biol. & Med. 29: S32-833, 19.32. 

91. Owing's, J. C., and Smith, I. H.: Etiology of Duodenal Ulcers, Proc. Soc. 

Exper. Biol. & Med. 29: S33-S35, 1932. 

92. Panum: Quoted bv Cohnlieim .21 

93. Plenk, A.: Zur Teclinik der Resektion zur Ausschaltung, Zentralbl. f. Clur. 

63: 3019, 1936. „ , , 

04 Reeves, T. B.: A Studv of the Arteries Supplying the Stomach and Duo- 
denum and Their Relation to Ulcer, Surg., Gynec. & Obst. 30; 374-3S5, 


1920. 

95. Rosenow, E. C.: The Causation of Gastric and Duodenal Ulcer by Strepto- 
cocci, J. Infect. Dis. 19: .533-3S4, 1916. , t • 1 m t> a 

96 Sebiffrin, M. J.: Production of E.xperimcntal Jejunal Ulcer, 1 roc. Soc. 

Exper. Biol. & Med. 45: 592-594, 1940. . 

97. Schmilinskv, H.: Die einleitung der gesamten Duodenalsafte in den Magen 
(inner Apotheke), Centraibl. f. Ciiir. 45; 420, 

Seelv. H., and Zollinger, R.: Fundusectomy in the Treatment of Peptic 
TTlcer Surji Gvnec. & Obst. 61; 161*166, 19oo. , -r-* t -• j? 

ShaSo, P. P. Ivy, A. C.: Gastric ?o? 25 S To4 

denal), Arch. Int. Med. 51: 413-426, 1933. 


98. 


99 . 



LANNIN: JCVALUATION OF SATISFACTOUY OPEUATION' FOH U1.CI':K 741 


302 Stalker L. Iv., Bollinan, .T. L., and jMann, P. C.: Experimental Peptic Ulcer 
Produced by Cinclioplien, Proc. Staff aicet., Jfayo Clin. 11: COS-COS, 103C, 
103 Turck, F 33.: Ulcer of llio Stomach; Pathogenesis and Pathology, .T. A. il. A, 
46: 1753-17C3, lOOG. 

104. Turck, F. B.: Quoted by Ivy. 5= 

105. Underhill, P. P., and Freiheit, J. ISh: Effect of Pilocarpine and I:,pinephnnc 

in the Production of Specific Ecsions in the Stomach of Babbits, Arch 
Path. 5: 411-42S, 1028. 

IOC. A’^an Wagoner, P. H., and Churchill, T. P.: Production of Gastric and Duo- 
dcnal Ulcers in Experimental Cinclioplien Poisoning, J. A. Jil. A. 99: 
1850-GO, 1032. 

107. A’'arco, B. L.: Unpublished data, 1940. 

lok Varco, B. L., Code, G. D., Walpole, S. II., and Wangensteen, 0. II.: Duodenal 
Ulcer Formation in the Dog by Intramuscular Injections of a Histamine- 
beeswax ilixture, Am. J. Physiol. 133: 475-47C, 1941. 

109. A’'on Eiselsberg: Ueber Ausschaltung inoperablcr Pylorusstructuren nebst 

Bemaerivungen fiber die jcjunostomic. Arch. f. klin. Chir. 50: 919-039, 
1895. 

110. Walpole, S. H., A^'lrco, B. L., Code, C. F., and Wangensteen, 0. II.: Produc- 

tion of Gastric and Duodenal Ulcers in the Cat by Intramuscular Im- 
plantation of Histamine, Proc. Soc. Exper. Biol. & hied. 44: C19-621, 1940. 

111. Wangensteen, O. H.: Aseptic Gastric Bcsections: I. A Method of Aseptic 

Anastomosis Adaptable to Any Segment of the Alimentary Canal (Esoph- 
agus, Stomach, Small or Large Intestine) ; H. Including Preliminary 
Description of Subtotal Excision of the Acid-Secreting Area for Ulcer, 
Surg., 6j-nec. & Obst. 70: 59-72, 1940. 

112. Wangensteen, 0. H., A’’arco, B. L., Hay, L. J., Walpole, S. H., and Track, B.; 

Gastric Acidity Before and After Operative Procedure With Special 
Eeference to tlie Bole of the Pylorus and Antrum: A Preliminary- Be- 
port of a Clinical and E.xperimental Study-, Ann. Surg. 112: C26-670, 1940. 

113. Wangensteen, 0. H. : Method of Closing the Py-loroantral Pouch in the 

Antral E.xclusiou Operation, Surgery 12: 731-741, 1942. 

114. AVangensteen, 0. H., and Lannin, B. G.: Criteria of an Acceptable Opera- 

tion for Ulcer and the Importance of tlic Acid Factor, Arch. Surg. 44: 
489, 1942. 

115. Wangensteen, 0. H.: The Surgical Management of Ulcer: A Chemical 

Problem, Proc. Interst. Postgrad. M. A. North America Oct. 1942. 

116. Watson, J. E.; Effect of Fuudusectomy on the Acidity of the Gastric and 

Duodenal Content; An Experimental Study, Arch. Surg. 31: 1-9, 1935. 

117. Weech, A. A., and Paige, B. H.: Nutritional Edema in the Dog, Am. J. Path. 

13: 249-256, 1937. 

118. Weiss, A. G., and Aron, E.: Bole des amines dans 1 ’evolution de 1 ’ulcere 

experimental: Influence de I’histidine, Presse mCd. 41: 1880, 1933. 

119. Wilensky, A. O., and Geist, S. H.: Experimental Studies in the Production 

of Chronic Gastiic Ulcer, J. A. M. A. 66: 1382, 1916. 

120. Wolfer, J. A.: Chronic Ulcer of the Stomach: Its Experimental Production 

and Effect on Gastric Secretion and Motility, Ann. Surg. 84: 89-94, 1926. 

121. Wolfson, AV. L., and Bothenberg, E. E.: The Surgical Treatment of Com- 

plicated Duodenal Ulcer, Surgery 3: 663-669, 1938. 

122. Wu, P. P. T.: Beactions of Contents of Jejunum and Experimental Produc- 

tion of Peptic Ulcer, Arch. Surg. 30: 557-562,* 1935. 

123. Wu, P. P. T.: The Effect of Histidine on the Experimental Production of 

Peptic Ulcer, Ann. Surg. 106: 196-199, 1937. 



REMOVAL OE THE VAGUS INNERVATION OP THE STOi\IACH 
IN GASTRODUODENAL ULCER 

Lestee R. Dragstedt, M.D., .and Paul W. ScHAEEit, ]\r.D., Chicago, III. 

(From the Department of Surgery of The University of Chicago) 

'Tp'IIE capacity of pure gastric juice to digest living tissue lias been 
J- demonstrated by numerous experimental studies. Although more 
resistant than other parts of the gastrointestinal tract, the mucous 
membrane of the stomach itself succumbs to the corrosive and digest- 
ant action of the fundus secretion under conditions Avhere this secre- 
tion is not diluted or neutralized by pjdoi’ic mucus, duodenal secretions, 
or food.' It thus appears clear that under normal conditions tlic ivall 
of the stomach escapes digestion because it is not exposed to the pure 
fundus secretion for long periods of time and not because of a .special 
resistance to that secretion. The dilution and neutralization of the 
gastric juice by ingested food and drink during the periods of psychic 
and chemical stimulation of secretion are probably the chief factors 
that protect the gastric and duodenal mucosa. The importance of the 
continuous antoneutralization of the acid gastric juice by the duodenal 
secretions and the pyloric mucus has, hovever, been firmly established 
by numerous experiments. "When the mixture of these secretions is 
prevented, progressive ulceration of the duodenum or stomach almost 
inevitably occurs. Thus, penetrating ulcers in the jejununi develop 
u’hen the duodenal secretions are diverted into the ileum.- Ulcers in 
the jejunum, ileum, or colon occur u'hen tlie gastric juice from a 
Pavlov or Heidenhain pouch is diverted into these areas of the intes- 
tine.^ Ulcers in the duodenum develop "when the pancreatic juice is 
led to the outside by means of a total fistula.^’ ' These studies have 
focused attention on the necessity for more or less continuous neu- 
tralization of the fundus secretion, but so far a defect in this neutral- 
izing mechanism has not been established as a causative factor in any 
large number of ulcers in man. The disease occurs chiefly in young 
adults without eAudeuce of biliary or pancreatic disease or reason to 
suppose that these secretions are deficient. 

An excessHe secretion of gastric juice in the presence of normal 
amounts of the alkaline duodenal secretions might on theoretical grounds 
be expected to produce a situation similar to that resulting from de- 
ficient or absent duodenal secretions coupled Avith a normal gastric 
output. The gastric juice Avould finally overcome the neutralizing 
capacity of food and duodenal secretions and cause the appearance in 
the stomach and duodemim of a content approaching the pure fundus 
secretion in acidity and pepsin content. EA'idence that such excessNe 
gastric secretion experimentally produced in normal animals causes 
the appearance of typical ulcei’s has been proAuded by "Wangensteen 
and his associates.'' Hypersecretion AA'as secured by implanting pellets 
of a mixture of histamine and beeSAvax into the muscles and subeu- 

AA’ork aided by a grant from the Douglas Smith Foundation for Medical Research 
of the University of Chicago. 
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laiieoiis tissues ol dogs, eats, giiincji pigs, and othci' animals and wJien 
tliis was continued, progressive perforating uleers in the sloniaeli and 
duodeimm ai^peared. 

That an exeessive secretion of gastric .iuice occurs in most ulcer pa- 
tients may be regarded as definitely established. Most of the data 
supporting this conclusion have been obtained by testing the response 
of the gastric glands to various types of stimidation. For the most 
part tbe stimuli employed have been chemical in nature, as for instance 
the Ewald test breakfast, alcohol installation, or the injection of his- 
tamine. On the whole these tests have demonstrated that ulcer pa- 
tieiits secrete somcAvliat more gastric juice in response to these stimuli 
than do normal persons. The amount, however, is not sufficiently great 
or uniform to have much diagnostic value.® Presumably, these chem- 
ical stimuli act directly on the parietal and chief cells of the gastric 
glands and any increased response obtained must be due to an in- 
creased excitability or sensitivity of these cells. Unfortunately, there 
has been little effort to test the secretory response of the stomach in 
ulcer patients to psychic stimuli and to compare this response with 
that of normal individuals. Such information would probably be of 
the greatest value. A sham meal consisting of appetizing food, that is, 
meat, vegetables, and fruit, could be thoroughly masticated but not 
swallowed. If this were done while constant suction was being made 
on a Levin tube introduced through the nose into the stomach, the 
gastric juice elicited could be obtained for measurement and titration. 
The caffeine test meal proposed by Roth, Ivy, and Atkinson,'' which 
apparently demonstrates a greater secretory resiDonse in ulcer patients 
as compared with normal people, probably also tests this neuroglandu- 
lar mechanism. Evidence that the continuous night secretion of gas- 
tric juice in ulcer patients is greater than in normal individuals has 
been obtained in this clinic and has been presented elsewhere.® 

Acting on the conception that the hypersecretion of gastric juice in 
gastroduodenal ulcer is very largely neurogenic in origin, a series of 
patients with this disease have been treated by an operation designed 
to remove permanently and as completely as possible the vagus in- 
nervation of the stomach. The first operations were performed in 
January and February, 1943, and were reported in June of that year.® 
A further report of eleven patients was made before the meeting of 
the American Gastroenterological Association in Chicago, June 12, 
1944.® Since that report an additional four patients have been oper- 
ated upon by the same method. It is the purpose of the present paper 
to discuss the operative procedure and to review the results to date. 

An extensive experience with various procedures for studying gas- 
tric physiology in experimental animals suggested that the best method 
to secure complete division of the vagus nerves to the stomach Avould 
l)e to isolate these fibers in the chest before they pass through the 
diaphragm and enter the wall of the stomach. The desirability of 
such a complete operation was indicated by the studies of Hartzell.'® 
Tliis investigator found that complete division of the vagus nerves in 
tlic thorax i)roduced a marked and long-continued decrease in tlie 
free and total acidity of the gastric content secured in resiionse to 
tile ingestion of a test meal of lean meat. An incomplete division had 
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little or iro effect. Data confirming and extending these observations 
have been secured in onr la1)oratoiy by means of animals with totally 
isolated stomachs both with and without vagal innervation and will 
be reported elsewhere. The dog tolerates division of the vagus nerves 
low in the chest fairly well, although occasional animals vomit re- 
peatedly and appear to have some difficulty in swallowing. The ab- 
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sence of adverse effects in man after excision of the lower esophagus 
for carcinoma, an operation Avhieh necessarily includes excision of the 
vagus nerves, prompted us to perform supradiaphragmatic section of 
the vagiis nerves for the treatment of gastroduodenal ulcer. 

The patients were anesthetmed with ethylene and ether, using a 
positive pressure mask technique. An extensive resection of the 
seventh or eighth rib on the left side was then made (Fig, 1). In the 




746 


SUKGKRY 


Tousle 


Tabulated Su.mmarv op Data ox* Pat/e.vts ok WiroJr SL•pRAr)IA^JI^AG^tA'^c 


PA- 

TIENT 

AGE 

AKD 

SE.V 

DURA- 

TION' 

OP 

SYMP- 

TOMS 

(YR.) 

DIAG- 

XOSIS 

DIRECT 

VlSUALt- 

Z.ATIOX 

OP ULCER 

AVlTIt 

GASTRO- 

SCOPB 

X-RAY 

EVI- 

REXCi: 

OF 

CRATER 

innoRic 

STEN- 

OSIS 

IIEMOR- 

RIIAfiE 

PERFO- 

RATION 

VOL. 

PREOr. 

NIGHT 

SECRE- 

TION 

IV. B. 

51 ^ 

13 

Duodcn'il 

ulcer 

4. 

+ 

+ + 

+ 

+ 

ijon 

•T. .T. r. 

-in 5 

IS 

Duodenal 

ulcer 

~ 

4. 

4- 4. 

+ + 

- 

1,150 

>r. V. 

.l -i o 

17 

Duodenal 

ulcer’ 

- 

- 

•f 

- 

- 

1,000 

J.J. 

-1-1 s 

13 

Duodenal 

ulcer 

- 

Ar 

4- + X 

- 

- 

780 

J. A. 

45 g 

5 

Gastric 

ulcer 

+ 

+ 

- 

X 

- 

840 

s. S. 

54 S 

25 

Duodenal 

ulcer 

- 

+ 

-f 

■f + 

- 

1,715 

c. s. 

3S g 

o 

Duodenal 

ulcer 

- 

- 

+ 

- 

- 

971 

V. ir. 

31 g 

6 

Duodenal 

ulcer 

- 

4- 

4- 

- 

- 

1,120 

.T. L. 

4C g 

20 

Duodenal 

ulcer 

- 

+ 

X 

J- + 

- 

800 

A. J. 

47 g 

4 

Duodenal 

ulcer 

- 


- 

- 

- 

1,085 

E.X. 

17 g 

0 

Duodenal 

ulcer 

- 


X 

- 

- 

1 fSoD 

M. D. 

34 g 

12 

Duodenal 

ulcer 

-f- 

+ 

+ 


- 


M. B. 

47 g 

G 

Duodenal 

ulcer 

- 

+ 

+ + 

4- 

+ 

1,020 

I. C. 

28 g 

S 

Gastro- 

.iojunal 

ulcer 

— 

+ 

— 

+ 

— 


F. C. 

40 g 

G 

Duodenal 

ulcer 

+ 

+ 

X 



510 


earlier cases a smaller portion of I'ib Avas removed and the rib above 
and beloAV fractured to facilitate exposure. A more extensive removal 
of rib and cartilage in later cases provided better exposure and less 
trauma. It is possible that a A'ery long intercostal incision AAmuld 
suffice but has not been tried to date. The left lung is mobilized by 
dividing and ligating the inferior pulmonary ligament, retracted up- 
Avard and held out of the field by a rounded broad-bladed retractor. 
The pleura over the loAver 10 cm. of the esophagus is then opened and 
the loAver esophagus mobilized and eleA’ated into the field Avith the 
finger. The main trunks of the left or anterior A'agus and the right 
or posterior vagus are easilj’ secured. In Fig. 2, these are depicted as 
single nei’A'e trunks. In most cases, lioAveAmr, a Amrying number of 
branches exist AA’hich can be grouped into tAvo main bundles and ligated. 
In addition to the main trunks Avhich lie alongside of the esophagus, 
smaller fibers of the vagi penetrate the esophageal Avail. These may 
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be identified and combed off by elevating the esophagus with the finger 
The nerve fibers then stand out as cords against the more elastic 
muscle tissue. All of the nerve fibers that can be detected by this 
combined inspection and palpation are grouped into two main bundles 
ligated, and divided just above the diaphragm. In the first two eases 
segments of vagus fibers 3 to 4 cm. in length were excised. In suii- 
sequent cases the nerves have been ligated, divided, and the proximal 
ends brought out and sutirred to the pleura as indicated in Fig. 3 
The esophagus is then replaced in its bed, careful hemostasis secured 
and the over-lying pleura closed with a running catgut suture. The 
trarrsplantation of the nerves into the pleural cavity is done in ai 
attempt to prevent regeneration. The chest is then closed withoul 
drainage. In the first five cases, a Pezzer catheter drain was intro 
duced between the ribs and left in place for several days, but this has 
now been alrandoned. In the early eases complete bed rest was secured 
for the first six postoperative days. In later cases, however, tlie pa 
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tients liave lieen eneourafiod 1o gel out of bed for a bi-ief pei-iod 
twenty-four hours after the opei-ation, for increasing lenf-ths of time 
each succeeding day, and by tlie fourth oi’ fiflJi day are fully ambu- 
latory. have the impression that this eai-ly rising has many ad- 
autages aiid decreases the incidence and liability of i)ulmonary and 
other complications. 

The re.sults of the operation to date have been summarized in Table T. 
Of the fifteen patients, fourteen Avere males and one female. Thirteen 
had duodenal ulcers, one a gastric ulcer, and one a gastroje.iunal ulcer. 
Evidence of the disease Avas present from Iavo to tAventy-nine years 
and for the most part the series represented chronic refractory disease 
that had persisted or recurred in spite of prolonged medical manage- 
ment. Serious hemoridiage had occurred in four patients, perforation 
in tAvo. and craters Averc denionsli’ated in thirteen. !Most of these 
patients secreted large A’olumcs of highly acid gastric .juice at night 
and this Avas markedly reduced by the diA'ision of the vagus nerves. 
The most striking result of the operation Avas the immediate and per- 
sistent relief of the ulcer pain and distress secured in mo.st of the 
patients. This occurred so soon after operation as to suggest inter- 
ruption of the sensory fibers re.sponsible foi- these sensations by the 
A-agus section. This is. hoAvever. not the sole explanation. In the 
patient AA’ith a gastric Ailcer visualized Avith the gastroscope before 
operation, a later examination shoAved the ulcer to be completely 
healed. In eight of the patients Avith duodenal ulcer and in Avliicli a 
crater Avas demonstrated Avith the x-rays, subsequent examination by 
the same method indicated that the crater had disappeared. Nine 
of the patients gained considerable AA-eight after the operation and in 
three of these the gain exceeded thirty pounds. In three patients a 
gastrojejunostomy Avas performed at A-arying periods after the vagus 
section because of persistence of obstructive .symptoms and x-ray evi- 
dence of delayed emptying of the stomach. One of these patients 
(M. B.) is particularly instructive. This patient had a duodenal ulcer 
Avith a demonstrated crater and marked pyloric stenosis. Section of 
the vagus nerves produced relief from ulcer distress and for eight 
Aveeks the patient Avas apparently in good condition Avithout medica- 
tion or dietary restriction. Then, folloAving the ingestion of a large 
amount of Avatermelon, he developed an acute dilatation of the stom- 
ach. ^NBien examined several days later, the dilated stomach extended 
to the symphysis and yielded, on aspiration, 5 L. of dark broAvn fluid 
slightly acid in reaction. Constant suction gastric drainage Avas then 
eraplo.A^ed and subsequentl.A'' a gastroenterostomy Avas performed. It is 
possible that the remoA'al of the A-agal influence AAuth its augmentor 
effect on gastric tonus and motility may haA^e played a role in the 
acute dilatation of the stomach in this patient. In tAvo of the other 
patients a Amrying amount of atony of the fundus of the stomach Avas 
obserA'ed at fluoroscopy for the first Aveek or tAvo folloAAnng the opera- 
tion. In no case Avere symptoms suggestiA^e of cardiospasm obserA^ed 
and fluoroscopic examination failed to rcA-eal abnormalities in the func- 
tion of the esophagus. Aside from the temporaiy gastric atony men- 
tioned, the stomach aiipeared normal AAOth resj)ect to peristalsis, po- 
sition, and tonus. Xo abnormalities Avere observed in the intestines 
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by x-ray and noilher conslipalion nor diarrhea appeared. Tlic most 
tronble.some complication of the operation ■was the sevei’c and often 
persistent pain in the region of the thoracotomy wound. In sevei’al 
cases this lasted for two to three weeks. It was probably due to tear- 
ing of the libers of the intei'costal nerve by retraction of the ribs and 
possibly coiild have been prevented by dividing or excising a portion 
of this nerve. 

SUMMARV 

Supradiaphragmatic division of the A'agns nerves has been perfoi-med 
in thirteen patients with duodenal nicer, in one patient with gastiac 
ulcer, and in one with a gastro,iejunal ulcer. The patient with gastric 
ulcer has been apparently cured of his disease as .iudged by the dis- 
appearance of sjnnptoms and by x-raj' and gastroscopic evidence. All 
but one of the patients with duodenal ulcer have been greatly im- 
proved or cured, although three patients have required gastroenteros- 
tomy because of persistence of obstructive symptoms. The patient 
with the gastrojejunal ulcei', although improved, has been continued 
on medical management. The excessive continuous night secretion of 
gastric juice has been markedly reduced by the vagus section thus 
providing additional and perhaps conclusive evidence that this abnor- 
mality is neurogenic in origin. The striking improvement in these 
patients is in harmony with the view that gastroduodenal ulcer is a 
psychosomatic disease, and that the central nervous system affects the 
stomach via the vagi, probably chiefly through gi'eatly augmenting the 
secretion of gastric juice. 
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C4ASTRIC ULCER AND CANCER 

Arthur W. Allkx, II.D.,® Boston, j\rASS. 

V^^HEN the above title is observed, the immediate reaction many will 
VV have is that we are planning to offer evidence to support the theory 
of jMacCarty and Broders' that cancer of the stomach frequently develops 
on chronic benign ulcer. This thcoiy would be so difficult to prove and, 
in fact, would be disputed b}’’ so many pathologists that we will do no 
more than to state that in some ulcerative lesions of the stomach, one 
portion appears to be definitely benign while another section is defi- 
jiitcly malignant. It is not neee.ssary that we accept the possibility of 
malignant degeneration of chronic gasfi’ic ulcer in order to establish 
in our minds a sound conception of the correct management of ulcer of 
the stomach. One may even accept the possibility that malignanej' is 
present in the beginning of true cancerous ulcerations and that the 
benign area or edge frequonth' observed in early cancer may be noth- 
ing more than an infiaramatory extension. We are convinced that 
^certain malignant ulcerations may behave like benign ulcer as regards 
.symptoms and response to consei'vative therapy for a variable period 
of time only to manifest themselves as obvious cancer at a later ob- 
servation. That the differential diagnosis between malignant and 
benign ulcer of the stomach is often difficult or in fact impossible, by 
the diagno.stic methods at our disposal, is accepted. That radical 
surgery for localized cancer of the stomach appearing benign will 
result in a greater chance for cure than Avhen the lesion is obviously 
malignant is evident. 

A careful analysis of the data available for a ten-year period at the 
jMassachusetts General Hospital .showed that 14 per cent of the patients 
treated as having benign gastric ulcer proved to have cancer.^ All of 
these lesions at the first observation gave the impression of benign ulcer. 
JIany of these patients responded Avell to conservative therapy at firet, 
losing their symptoms and regaining previously lost weight. Often 
the lesion appeared to diminish in size on roentgen and gastroscopic 
examinations. ^Occasionally, such an idcer previously demonsti-ated by 
both methods was not recognizable after a month of treatment. This 
brought about a natural feeling of safety and therefoi’e unnecessary 
delay in re-examination and the institution of radical surgery. It is 
difficult to explain the early behavior of some malignant ulcerations 
of the stomach. The improvement in symptoms and weight of the pa- 
tient is easier to understand, since with bed rest and nonirritating 
foods, secondary inflammatory reaction is alleviated. Gastritis disap- 
pears and comfort replaces pain, gaseous eructations, nausea, and 
anorexia. That the actual ulceration appears to diminish in size may 
be due to the subsidence of inflammation about the ulcer. Possibly the 
crater may be leveled by granulation tissite or actually by cancer cells. 

Received for publication, Oct. 5. 1944. 
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In order lo arrive at a ))ettor diagnosis in the early malignant, lesions, 
■\ve studied our records for common factors ])ertaining to this groii]) ol 
patients. Helpful information Avas derived from an analysis of tlie 
location of the lesion, the age of the patient, and the duration of his 
symptoms. Gastric analysis, particularly as regards free acidity, and 
the size of the ulceration were le.ss impressive. Data concerning the 
type and radiation of pain and the rate of healing with conservative 
therapy were of no value. 

Hobnes and Hamptoir’' and others have shown tlial ulceration in the 
immediate 2 cm. of stomach proximal to the pylorus was prone to he 
malignant regardless of llie size of the lesion. This Avas true in 65 
per cent of our cases. Nearly all ulcers of the greater curvature and 
the fundus of the stomach are cancer. We found one ulcer in this 
region to be sj'philitic and another that Avas actually benign. Ulcers 
immlA'ing the anterior or posterior walls proved to be cancer in 20 per 
cent of the cases. Lesions of the le.sser curvature and those of the 
pylorus itself showed malignancj’’ in 10 per cent. Inasmuch as one-half 
of all ulcerations of the stomach originate on the lesser cvArvaUAi-e, Ave 
found that most of our diagnostic errors occurred in lesions of this 
region. 

Ogilvie^ and others have pre\dously stressed the importance of in- 
digestion associated Avith ulceration of the stomach coming on after 
the age of 40. In our series, Ave found that patients Avith ulcerative 
lesions of the stomach after middle life having had sjunptoms of less 
than one year Avere five times as likelj^ to have cancer as ulcer. If, on 
the other hand, patients in this age group had had symptoms of five 
or more years, the reverse Avas true. Every clinician should seriously 
consider any patient Avho appeals for advice about any digestive com- 
plaint that begins after the age of 40. The diagnosis of malignancy 
must be ruled out by all of the aids at our disposal. If an ulcerative 
lesion of the stomach is demonstrated, radical therapy should be insti- 
tuted as soon as suitable arrangements can be made. It is in this 
group particularly, that palliative measures may confuse the true issue 
and almost under our eyes an early ciu’able cancer may become hope- 
lessly inoperable. These are the Auctims of indigestion remedies, 
legally adA'-ertised in the ncAvspapers and on the radio. Certainly a 
time Avill come Avhen the people aauU demand protection against these 
practices. If the profession initiated proceedings against such adver- 
tising, Ave Avould doubtless have to defend ourselves on the basis of 
jealousy. AYhatever is the best Avay to meet this situation, Ave are 
uncertain but there can be no doubt that hundreds of lives are lost 
yearly by our lax methods in this direction. 

The size of the ulcer ma5^ be misleading since cancer Avas present 
m tAvo lesions that Avere less than 1 cm. in diameter. On the other 
hand, enormous benign lesions giving the clinical impression of iin- 
favora])le cancer haA^e been encountered. Actually, the average diam- 
eter of malignant ulcers Avas 2.3 cm. as opposed to 1.7 in l)enigu lesions 
in our sei’ies. In all the ulcers Avith ci-aters of 2 cm. in diameter, the 
diagnosis of cancer Avas e.stabli.shed in exactly 50 per cent. It is 
olndous that avc can only surmise that the lesion is benign if it is small 
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in size, if it is in one of the safer zones, if it is in yoiinger individuals, 
or if it has oeeiirred in a patient with many years of symptoms. 

Free liydrochloric acid was found Avith equal abundance in the 
“idccr-cancer” group as in those Avith definitely proA’cd benign ulcer. 
In a parallel group of patients proA'ed to haA'e cancer of the stomach, 
60 per cent of them .shoAved no free hydrochloi-ie acid on gastric analy- 
sis. '\N e are faced, therefore, A\’ith e\’idence that the pre.sencc of free 
acid is of little help in the differentia] diagnosis. The absence of fi-ee 
acid. hoAvevei-. is definitely in faA'or of cancer. 

Too much reliance has been placed on the amount of pain a.ssociated 
Avith gastric ulcerations. The common belief that ])ain indicates benign 
ulcer is eri'oneous. The insidious onset of many cancers of the stomach 
AA’ith its A'ague symptomatology has contributed to this fallacy. It A\’as 
evident to us that many of the ulcei's in our series that proved to be 
cancer produced pain that A\-as relieved by food or alkalies in exactly 
the same manner seen in the benign group. The loss of s.A'mptoms Anth 
apparent diminution in the size of the lesion on medical treatment, in 
many instances of early cancer. Avas jiajlieulaily disturbing. We are 
sure that patients AA’ith ulcer of the stomach .should be kept under close 
obseiwation. Even if an ulceration lias appai'cntly healed after one 
month of ideal hosi)ital treatment, there should be a careful re-e.xamina- 
tion four to six Aveeks afterAA-ard. Any evidence of lack of complete 
healing or return of ulceration should be considered sufficient to AA-arrant 
early surgciy. 

Deaths from cancer of the stomach arc estimated to aggregate 35,000 
in the United States annually.-'’ ComparatiA'e studies revealed that for 
every tAA’o per.sons killed in higliAA’ay accidents in this country, there AA-ere 
three individuals aa-Iio died from cancer of tlie stomach. Thus far, 
science has not developed an etfectiA-e treatment for this condition except 
.surgery. So many patients appear for treatment in the hospital AA'hen 
nothing can be offered them that cA’cry etfoi-t should be made toAvard 
earlier diagnoses. Safer surgical methods have increased the operability 
in the past decade but the percentage of cures has remained unchanged. 

Parsons® studied our data on an early series of gastric cancer and 
found that the resectability Avas 27 per cent and the operative mortality 
AA’as 38 per cent. Later, he and Welch" found that resectability had 
increased to 37 per cent AA’hile the operative mortality Avas reduced to 
25 per cent. The five-year respites, Avhich included the operative mor- 
tality, had remained practically the same — 20 per cent. Needle.ss to say, 
in the later group, there Avere many added years of comfortable life. 
With the increase in surgical effort, there is a definite improvement in 
the OA’erall results. 

In our OAA’n gi’oup of questionable lesions, it Avas found that Avlien 
resection had been done on the diagnosis of benign ulcer only to have 
the pathologist find that the lesion AA’as cancer, the five-year cure rate 
increased to 40 per cent. With this in aucaa’, aa’o should take a more 
radical attitude regarding early cancer. It is qiiite cA’ident that Ave 
should include the nodal areas in our resections for all doubtful lesions. 
This adds little to the hazard of the operation and gives the patient 
his best chance for cure. It is also clear that Ave should more frequentl.A’ 
do a Avider resection. Often a simple total gastrectomy can be safely 
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done wliicli lends itself to a better elimination of the nodal areas than 
many subtotal resections. This is particularly ti’ue when the lymph 
nodes in the region of the left gastric vessels appear to be involved. 
We have practiced Ogilvic’s suggestion of including the great omen- 
tum in our resections for cancer for several years. It is obvious to ns 
that this structure can be safely eliminated and no .serious sequelae 
have resulted from its absence. 

Conservative treatment of gastric ulcer is le.ss satisfactory than it is 
in duodenal ulcer. Judd and Priestley*' have reported that le.ss than .50 i 
per cent of patients with gastric ulcer ti-cated at the iilayo Clinic wei-e \ 
satisfied with medical management. In 162 patients treated by .sur- 
gery, only one was uuhappj^ with the re.sult. In their group of patients j 
treated for benign gastric ulcer, 10 per cent proved to have cancer. } 
It is not difficult to under-stand the confusion arising in the minds of 
clinicians regarding the results of conservative measures in gastric 
ulcer when we consider the comparative i-areness of this lesion. In 
nearly all clinics, repoi'ts will show that duodena] ulcer oeeiu’s from 
seven to ten times as frequently as gastric ulcer. Duodenal lesions 
respond to conservative therapy in a satisfactory manner in approxi- 
mately 80 per cent of the patients seen. Only those with complications 
or intractable pain need be treated by operation. Therefore experi- 
ence in the treatment of gastric ulcer is moi’e limited and it has taken 
more time to accumulate sufficient data to arrive at logical conclusions. 

Subtotal gastrectomy for gastric ulcer is a safer procedure than it is 
for duodenal ulcer. The reason is that in gastric ulcer, the duodenum 
is a normal .structure and pre.sents no difficulties in a secure inversion. 
In duodenal ulcer, however, we are always faced noth the problem of 
the effects of inflammation. This creates some handicap in all these 
eases and in nearly 25 per cent of tliem, a real hazard. It has taken 
time and expei’ience to learn to deal with the situation safely. The mor- 
tality rate of gastrectomy for duodenal ulcer will probably always be 
tvnee that of the same procedure for gastric ulcer. In a consecutive run 
of sixty-five patients operated upon by the general staff at our clinic 
for gastric ulcer, there was one dealli. This was in a 76-year-old man 
who succumbed to coronary occlusion one Aveek after the operation. 

One should not be tempted to do palliative surgery for gastric ulcer. 
In a group of twenty-three patients subjected to gastroenterostomy Avith 
or Avithout cauterization of the ulcer, there Avere four Avho died of cancer 
of the stomach. This shoAvs that CA^en experienced surgeons cannot tel! 
by the feel or the appearance of a gastric ulcer Avhether it is benign or 
malignant. 

It is interesting that ana.stomotic ulcer, AA'hich is tlie most sei’ious 
and fiequent late sequel to partial gastrectomy for duodenal ulcer, does 
not occur after the same procedure for gastric ulcer. 

Wlien one lakes into consideration all these data, it seems that avo 
have much to support the conclusion that gastric ulcer .should be ac- 
cepted as primarily a surgical problem. By so doing, Ave can be as- 
sured of a high cure rate for cancer of the stomach in those patients 
Avho really have a malignant lesion that appears to be benign. This 
alone offsets the slight risk associated Avith adequately executed sur- 
gery. Furthermore, the^atient Avith gastric ulcer m.ay expect relief 
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from liis symptoms by tliis radical procedure and be able, witli as- 
surance, to carry his eeo?iomie load in the coiniminity. 

AVe believe that early radical surgery is indicated -when a patient 
appears for treatment if he has an ulcer of the stomach in the pre- 
pyloric or fundal regions. If he is over 40 years of age and has had 
-symptoms of less than one year, or if his ulcer is over 2 cm. in diam- 
eter. the same advice should be given. 

If the patient is young and has a small lesion oi’ if the ulcer is .super- 
imposed on symptoms of more than live years’ duration, a moi'C con- 
servative attitude is justifiable. This patient should not be treated in 
an ambulatoi'y fashion, as is common praciiee in mild or early duodenal 
ulcer, but should be given the benefit of an adequate hospital regimen. 
If the ulcer remains even partially unhealed after one month of such 
therapy or if there is a return of ulceration one month after healing 
is apparent, then this patient should be urged to submit to surgeiy. 

Actually, when all factors are taken into consideration, this becomes 
a conservative attitude since it is the most logical course to pursue in 
our efforts to lo-\ver the annual death rate from cancer of the stomach. 
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A SYNTHETIC PREDIGESTEJ) ALIMENT FOR JEJUNOSTOSIY 

FEEDING 


Franklin Hollander, Ph.D., Stephan Ro.senak, i\I.D., and 
Ralph Colp, j\I.D., New York, N. Y. 

AVith the Technical Assistance of Ruth F. Karelitz, 3I.A. 

(From the Gastro-Enterology Research Lahoralory and the Surgical Service, 
The Mount Sinai Bospital) 


J EJUNOSTOAIY for the purpose of alimentation in a patient with ob- 
struction of tlie digestive tract was first performed more than sixty- 
five years ago.-= Originally, this operation was employed for feeding- 
individuals with inoperable cancer of the stomach, but its value soon 
came to be recognized for various other purposes as well. It was used 
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(1) as a palliative procedure for fecdin}>- paliciils in wliom oral feedings 
were either difficult or impossible, such as cases of inoperable obstruc- 
tion of the esophagus or stomach, caused l),y acute inflammations or 
malignancies, or cases of inanition caused by jmrnicious vomiting ot 
pregnancy; (2) as a preliminary procedure in extensive gastroduodenal 
and gastrojcjunal iileeration, accompanied by marked evidence of al- 
kalosis and refractory to medical treatment; (3) as a prophylactic 
measure for the relief of certain postoperative complications following 
surgery of the stomach, such as gastric dilatation and duodenal fistula 
arising from suture insufficiency, the .iejunostomy being complementary 
(that is, made coincidentally with the major operation) or supplementary 
(that is, made subsequently to it) ; and (4) as a definitive procedure 
for primary gastroduodenal ulcer and for marginal ulcer secondary to 
gastroenterostomy — a use Avhieh was in vogue for a time, but has since 
lost its popularity. A detailed discussion of the numerous apjfiications 
of je,iunostomy is presented in a historical review of the subject, pub- 
lished elsewhere.-® 

Apart from its use as a palliative procedure, the most important ap- 
plication of jejunostomy is as an adjuvant to surgery, in order to cor- 
rect certain disturbances in phj'^siology whicli are attendant upon the 
patient’s condition prior or subsequent to operation. An individual with 
a high obstruction of long standing, accompanied by persistent vomiting 
and prolonged starvation, is likely to be dehydrated, in acid-base im- 
balance, in negative protein balance reflected by a hypoproteinemia, and 
in a state of avitaminosis apart from a general state of inanition. These 
disturbances increase the risk of any radical operation ; their preop- 
erative correction will diminish the incidence of postoperative mortality 
and morbidity. Derangements in water and electrolyte equilibriums can 
be corrected by intravenous therapy, but loss in body weight and marked 
hypoproteinemia may respond only to suitable alimentation over a 
period of one month or six weelcs. In addition to the physical improve- 
ment of the patient resulting from such feeding, there will also be a 
substantial impi’ovement in the local pathologic lesions. Large gastro- 
duodenal and jejunomarginal ulcers may be greatly reduced in size by 
protracted jejunal feeding. This occurs as a consequence of the simul- 
taneous opex’ation of several factors: (1) a reduction in the acidity of 
gastric contents,^®’ due to an inhibition of the secretory process, 

or augmentation of neutralization by regurgitated intestinal contents, 
or both; (2) the absence of mechanical irritation of the ulcer which 
occurs during oral ingestion; (3) a reduction in motor activity of the 
stomach, as a consequence of the frequent or continuous administration 
into the jejunum of a diet of high caloric value; and (4) the jirogressive 
elimination of gastric retention, by restoration of gastroduodenal con- 
tinuity as the local inflammatory reaction and edema subside. Such local 
improvement due to a preliminary jejunostomy converts a previously 
inoperable condition into one in which a subtotal gastrectomy may be 
performed with a minimum of risk. 

The value of a complementaiy jejunostomy in postoperative manage- 
ment is no less than its value as a preliminary procedure. Not only is 
it possible, by means of jejunal feeding, to place the patient on a liigh 
caloiic and fluid intake within a short time after gastric resection or 
gastroenterostomy, but he can be so maintained for weeks or even months 
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without resorting to parente)-aJ therapy. Tiic etyicaey of ijroper ])ost- 
operative alimentation in ulcei- patients lias been objeetively demon- 
strated by the carefully controlled, pi-eliniinary .study of lilulholland, Co 
Tui, right, and Vinci.*” In this Avork it was reported that the con- 
Aiilescence ol duodenal ulcer patients, maijitained j)o.st opera fivelA' on oro- 
ic.iunal tube feeding of a ])al)uhun high in amino-nitrogen, was more 
rajiid and uncventlul than that oi a control group of ])aticnts not fed 
by tube, h urthormore. the.se observers found that the enteric admin- 
istration oi amino acids resulted in moi’c effective utilization, as shown 
by nitrogen balance studic.s, than was obtained by their intravenous 
injection. 

The foregoing a])plications and advantages of jejunostomy feeding 
are so striking that one wonders why the procedure has not gained 
wider use. There are several reasons Cor this. When jejunostomy Avas 
first employed, it Avas aceomjmnied by cci'tain ])ostoperatiA-c complica- 
tions; loss of intestinal contents through incompetence of the jejunal 
stoma, the persistence of a jejunal fistula after withdraAval of the 
enterostomy tube, and the frequent oeeurrence of intestinal okstruetion 
due to technical imperfections associated Avilh the Witzel tyjAC of 
jejunostomy. These difficulties iiaA’c since been obviated by improA-e- 
ments in surgical technique. Another I'eason for the unpopularity of 
jejunal alimentation Avas the distention, nausea, A-omiting, cramp.s, diar- 
rhea, and enteritis, Avhieh frequently accompanied it.®”, Colp and 
Druekerman,” in a series of patients upon Avhom jejunostomy Avas per- 
formed for alimentation, reported that about 10 per cent of the pa- 
tients complained of diarrhea and cramps. The nutrient material used 
for these cases Avas a standard one AA'hich had been recommended siie- 
cifieally for this purpose, the Scott-lA-y pabulum. It has been gen- 
erally accepted that lhe.se distre.ssing gastroenteric .symptoms may be 
caused either b.v physical factors or by a group of distinctly chemical 
ones. Scott, Holinger, and Ia-.v®® thcm.seh’cs comment on the great likeli- 
hood of occiuTenee of diarrhea and enteritis. Tlie milder of the.so symp- 
toms luiAT been clearly as.sociatcd Avith physical factors like the tempo- 
rary engorgement of the small intestine Avitli food material. These are 
easily preA'cnted by control of the rate of drip administration, using 
either an efficient drip apparatus or a motor-activated pumping device 
such as has been described b.A" Einhorn,” jilensing,** and Wolfer.®® Jlas- 
sive feedings (that is, the periodic injection of 100 e.c. or more during 
a ten- to fifteen-minute inteiwal, foIloAA'ed by a rest period for the re- 
mainder of one hour) are also feasible, Avithout proA'oking these mild 
disturbances. It is essential, hoAvcA'er, that such inassiA^e feedings be 
started at a loAA'cr rate than this, and be gradually increa.sed day by day 
to a maximum compatible A\dth the patient's tolerance. PoIJoAAuiig such 
adaptation, SteAA’art®^ has injected as much as 400 e.c. at one time, 
though it is likely that his patient Avas not ahvays free of distress. 
Slarked cleAuation in temperature of the dietary material fi'om 37° C. 
has also been thought to be an irritant factor of .significance, and many 
reports specify precautions on this score. 

Cramps and diarrhea, hoAveA'er, have constituted a more serious com- 
plication and possibly a more frequent one, as eAudenced by the Avide- 
spread prescription of opium or similar medication. It has been gen- 
erally accepted that these disturbances are caused by one or more of the 
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constituents of llic .iejnnal aliment. The importance of nnemulsified 
fat in this connection is particularly mai'kecl; attention was ealled to 
it by Busch'^ as far back as 1S5S, twenty years hefore the first surgical 
.ie.i unostomy was performed. Bu.sch cmiiloycd .icjunal feedings i'or 
over twenty-one weeks on a woman w'ith a natural .iejunostomy, resulting 
from the severance of the small bowel w'hen a bull gored her. As a re- 
sult of this mode of feeding, the ])atient gained twenty ])ouiids (30 per 
cent) in body weight. An e.\ce.ssively high osmotic pressure may also be 
a contributing factor to .ieiunal irritation, since it Avill require consider- 
able time for the small bowel to dilute the aliment sufficiently to pre- 
vent osmotic stimulation of the neuromuscular mechanism. These com- 
plications arising from the food material itself seem to have been a ma- 
jor deterrent to extensive use of a surgical procedure whicli is of con- 
siderable potential advantage in the management of surgical cases, and 
simple and safe as well. In onr own observation of the routine handling 
of jejunostomy patients, we have repeatedly seen the abandonment of 
.iejnnal alimentation because of cramps and diarrhea, in spite of the con- 
tinued need of nutritional inqirovement. Wangensteen, in his book on 
Intestinal Ohstrnctions,-' says: “The experience of this clinic suggests 
that the ideal formula for feeding through an enterostomy has not been 
found. Trial and error, with temimrary periods of alimentation by the 
intravenous route, until the proper adjustment is made, continues to be 
the method that must be employed. ...” In this same connection, 
Wolfer^® states that the major proportion of previous efforts at jejunos- 
tomy feeding has been disappointing because of an inadequate under- 
standing of the physiologic principles involved. In view of these state- 
ments and our own confirmatory experience, we have devised a new 
diet which conforms to the physiologic and other requirements that have 
been brought to light by the cumulative experience of sixty-five years of 
ti’ial and tribulation. 


COMPOSITION OF THE ALIMENT 

For jejunal feeding, the aliment must be very easily digestible or 
even predigested. This is necessary because salivary and gastric diges- 
tion are completely eliminated, and pancreatic and intestinal digestion 
are lessened, the latter as a consequence of decreased stimulation of the 
corresponding glands and the reduced time of contact of these secretions 
with the aliment. Extensive predigestion is important also for a max- 
imum of absorption. Wangensteen^' pointed out that the actual caloric 
value of the Scott-Ivy pabulum is considerably less than tlie calculated 
value because of its incomplete digestion and consequent incomplete 
absorption. Scott and Ivy=i realized this and attempted to obviate the 
loss by predigesting the mixture with gastric juice and panereatin, but 
the product was too irritating to be tolerated. Any factors which may 
irritate the bowel must be excluded from an enteric aliment. Its pll 
should be about 6.0. Its osmotic pressure must not be too much aliove 
isotonicity, since the reduction in this property which normally results 
from dilution with the digestive secretions after oral feeding is greativ 
lessened in jejunal alimentation. In order to satisfy these requirements 
the various constituents of the new aliment were supplied in the fol- 
lowing ways. 
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1. Protein.— -Tha nitrogenous component of the enteric aliment sliould 
contain no molecules larger than 1ri])cptides. It must, however, con- 
tain adequate amounts of the ten essential amino acids, free or com- 
bined. These requirements ai-c met 1)3' Amigen,® an enzymatic digest 
of purified casein and pork pancreas Avhich contains di- and tripeptides 
and amino acids (including tryptophan). McGee and Emery’" liave 
reported that this preparation, Avhen placed directly into the human 
small intestine 1 ) 3 ' the balloon intubation technique, Avas completely ab- 
sorbed in fifteen to tAvent3'-five minutc.s, Avhei-eas unh3'drol3'zed casein 
required forty to fifty minutes. The propoi-tion of the total caloric in- 
take deriA’ed from protein in soA’cral Avell-knoAA’ii feeding mixtures 
(Kirschner,” Scott and Ta'3',-’ Wallers and Hartman"") ranges from 
6 to 16 per cent (Table I). In the predige.sted aliment, about 26 per 
cent of the total caloric intake comes from this soui’ce. Based on a 
dailA' intake of 2,400 cal. this corresponds to somewhat less than 160 Gm. 
of pure protein per daA', or about 200 Gm. of hA'drol 3 'zed casein. f This 
A-alue is far beloAv the maximum Avhich can be tolerated, for BrunseliAvig, 
Clark, and Corbin" Avei-e able to inject ij)travenously 150 Gm. of ]i 3 '- 
drolA'zed casein per day in a 50 kg. patient for ten da 3 's Avithout any 
disturbance. Also, Elman, Weiner, and Bradle 3 '” haA’e injected as much 
as 300 Gm. per day in each of Iavo i)atients Avithout diffieull 3 ', though 
their obserA-ations extended for onbv three consecutiA'e da3's. 


T.Anr.R I 

CoMP.utisoN' or Sf-verai. jEjrxo.sTo.Arv FEEmxc Mixtfre.s AVitii Reoard to the 
Kei.ative Amount.s of C.ARnoimHtATF,, Protein, and Fat 



1 

A.AIOCNT (PER I.ITER OF THE MIXTfRE) 


1 

VOF.MULA DEVISED BY 

1 ('ARBOHV- 
1 DR.VTE 

JTvOTCIN 

FAT 

TOTAL 


CM. 

('Ah. 1 

% 1 

GM. 

CAh. 

% 

GM. 

CAE. 

% 

GM. 

CAL. 

% 

Kirschner* 

94 

376 

(37) 

35 

140 

(14) 

J)0 

495 

(49) 

184 

1011 

(100) 

Scott and Ivy 

AValtevs-Hartman 

81 

324 

(3S) 

35 

140 

(36) 

43 

387 

(46) 

159 

851 

(100) 

1st day 

G.A 

260 

8 

32 

(6) 

29 

261 

(47) 

102 

553 

(100) 

2nd day 

90 

360 

(44) 

21 

84 

(10) 

42 

378 

(46) 

153 

822 

(100) 

.■!rd day 

97 

3SS 

(43) 

2.7 

100 

(31) 

46 

414 

(46) 

168 

902 

(100) 

Gth day 

101 

404 

(37) 

33 

132 

(12) 

63 

567 

(.51) 

197 

1103 

(100) 

Hollander, Ro.=enak and Colp 

l.>2 

607 

(60) 

66 

26.7 

(26) 

16 

139 

(34) 

234 

1011 

(100) 


'Calculated with the aid of Sherman’s tables of the caloric \aiue of foou.=. 


Such a high proportion of protein nitrogen is desira])le. not onh- to 
preA'ent the further depletion of the bodv- stores of protein, but also to 
replenish the tissue protein and plasma albumen previouslA' lost by 


* Manufactured by Mead Johnson and Co. 

tThe total nitrogen content of Amigen is given as 12.0 per cent, and this corre- 
sponds to 75 per cent of protein. Hence, to obtain 3 50 Gm. of protein, apart from 
that in the cream, we must use 200 Gm. of the hydrolyzed casein as purchased. It 
is usually stated, howe\er, that 1.2 Gm. of Amigen is equivalent to 1.0 Gm. of pro- 
tein, which corresponds to a protein content of 83 per cent. The discrepancy between 
this value and 75 per cent probably arises from the fact that the former has been 
calculated on the basis of a dry. ash-free preparation, instead of “as purchased." 
This is suggested bv the following consideration. The moisture content of Amigen 
is given as 4.0 per cent and the total ash as 5.5 per cent; hence the nitrogen value 

becomes 13.3 per cent (that is, 12.0 X )• Multiplying this by the 

usual factor of 6.25 for the conversion of nitrogen to protein, we obtain S3 per cent 

















HOLLANDER ET AL. ; SYNT1II';'J'1C 


ALtMKNT EOU JE.JUxN’OSTOSI Y EEEDLS'G 750 


starvation and lieinorrluigc. l?aj)id rcgciioratiou of bodj' jirotcins means 
better healing of tissues and prevonlioii of wound deinscenec. Rapid 
cori'ection of the hypoproteinemia may diminish llic cdeinalous swelling 
of an obstructed gastroenteric stoma or pyloric orifice. The relative 
amounts of amino acids utilized for the replacement of tissue and blood 
proteins are about 25 to 1, depending on the degree of depletion of the 
body and plasma stores, and the individual’s ability to resynthesize the 
latter. Hence, only about one-twenty -six lb of the total daily intake 
of nitrogen is likely to be utilized by the body for the more urgent of 
these two purposes, the restoration of the plasma protein level, assuming 
that the combined intake of carbohydrate and fat is great enough to 
spare the amino acids from deamination. 

2. Carbohydrate . — The requirement of predigestion for the carbohy- 
drate constituent might be met by the use of glucose. However, Scott 
and Ivy,-^ Wolfer,-® and others reported that glucose frequently causes 
diarrhea, probably as a result of fermentation, but that cane sugar is 
better tolerated. Some surgeons have recommended a reduction in sugar 
content for any patient in whom such difficulties are encountered ; it was 
our aim, however, to prevent the occurrence of fermentation so that 
changes in composition from patient to patient will not be necessary. 
This end was attained by the use of Dexin,*' an enzjmatic digest of cereal 
starch, prepared with barley malt, which consists solely of dextrins 
(75 per cent) and maltose (25 per cent). Another advantage in the 
use of a starch hydrolj^sate is that it elevates the osmotic pressure much 
less than will a quantity of a simple sugar having the same caloric value. 
About 60 per cent of tJie caloric value of the aliment is derived from 
the carbohydrate, a proportion higher than in any of the others shown in 
Table I. The feeding of a large proportion of carboliydi’ate is of im- 
portance in order to replace tlie depleted glycogen stores of the liver. 
Furthermore, by reason of its protein-sparing action, it insures a max- 
imum utilization of the amino acids for the building of blood and tissue 
proteins. Sixty per cent of carbohydrate is considerably more than is 
required for these purposes, but this large proportion is a consequence 
of the relatively small amount of fat Avhich has been employed. 

3. Pat . — The influence of fat in causing cramps and diarrhea has 
already been pointed out. Even if the motility of the small bowel is 
iiicreased somewhat (though not to the extent of causing diarrhea), the 
consequent decrease in absorption of nutrient material may result in a 
loss of efficiency of utilization. Furthermore, the presence of fat in the 
upper part of the small intestine induces a decrease in gastric motility, 
as a result of enterogastrone secretion, and therefore in gastric empty- 
ing. To minimize this reaction, 'Wangensteen^' recommended that the 
fat content be kept beloAv two-sevenths of the total weight of the 
nutrient. Based on caloric valve, this is equivalent to 47 per cent of 
the total intake, a value which roughly characterizes all of the previous 
mixtures (Table I). This percentage seems to us to be excessively high. 
Hence, the proportion of calories derived from fat in the synthetic ali- 
ment was made about one-third of this value. It was felt that pre- 
digestion of fat is not important, but it is essential that this nutrient 
component contain a significant quantity of unsaturated fatty aeids and 


'Atanufnetured by Burroughs Wellcome and Co. 
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that it can be enuilsified easily. Thin cream (IS.o ])er cent fat con- 
tent) possesses these qualifications, and it lias proved satisfactory for 
our purpose. 

4. Inorganic Constituents . — The inorganic requirement of a well- 
balanced diet is not entirely tahen care of by tlie comliined mineral con- 
tent of the Amigen, Dexin, and cream. The ash content of Amigen is 
given as b.o per cent; for thin cream, 0.43 jier cent; and for Dexin, 0.2:’) 
per cent; cliemieal analyses of the ash were available only for tlie fii-st 
two. The deficienc.v in the inoi’ganie elements, as .iudged b.v accepted 
standards, is made up bv means of a salt mixture, the compo.sition of 
which was established in the following wa.v; 

Sodium chloride: No fixed dietary standard of salt requirement can 
be established heeause of its complex ph.vsiologic relations. The normal 
daily intake, as calculated from the .sodium and chlorine data of a sur- 
vey of 150 American dietaries,-* varied lietween 0.5 and 9.7 Gm. NaCl. 
but this was exclusive of additional table .salt irsed as flavoring, which 
could not be estimated in this suiwe.v. The average for all the dietaries 
was 4.8 Gm. per man per day. To their .ie.iunostom.v i)abulum, Scott 
and Ivy added 6 to 10 Gm. of NaCl per da.v in addition to that derived 
from the other constituents, but the.v specified that the amount must not 
exceed this because of the possibilit.v of a salt edema. A 10 Gm. limit 
was also set by Elman and 'Weiner*” as a supplement in cohnection with 
the intravenous administration of amino acids. Neithei* of these gi’oups 
of workers, however, intended this amount of salt to compensate for an 
alkalosis or hy])ochloremia, secondarv to the loss of digestive secretions. 

In view of the wide variabilit.v in the dail.v amount of saline which may 
be needed b.v surgical patients for thc.se latter purposes, the cxce.ss re- 
quirement was not included in the salt mixture for the aliment. Instead, 
it was estimated for each individual ease and was supplied independently 
of that contained in the diet, either parenterally or by jejunostomy. 
Hence, the total dail.v NaCl content of the aliment was set at 10 Gm, 
The salt content of the protein and fat constituents was estimated to be 
aromid 5.2 Gm. Therefore, 4.8 Gm. of NaCl per 2,400 Cal. must be 
added to the jejunostomy aliment b.v way of the salt mixture. 

Potassium: The element potassium also is recognized as a dietaiw es- 
.sential, without any estimated “i-equirement’’ being attainable. The aver- 
age dail.v intake of the 150 American dietaries was 3.4 Gm. of potas- 
sium (range, 1.4 to 6.5 Gm.), whereas the amount of this element de- 
rived from the Amigen and cream is only 0.9 Gm. per 2,400 Cal. Hence, 
the daily allotment of salt mixture should include 2.5 Gm. of potassium ; 
this is introduced in the form of KCl (4.8 Gm. per 2,400 Cal.). 

Magnesium : The amount of magnesium x-eported in the dietarv .sur- 
vey varied between 0.14 and 0.67 Gm. per day, with a mean of 0.34 Gm. 
Only about one-third of this amount is contributed by the nutrient ma- 
terials of the jejunostomy diet; the balance (0.22 Gm.) is supplied in the 
.salt mixture, in the form of the hydrated sulfate (2.2 Gm. of Epsom 
salts for every 2,400 Cal. of aliment). 

Calcium: The Committee on Foods and Nutrition of tlie National 
Research Council has recommended a daily intake of O.S Gm. of cal- 
cium for all adults, except during pregnancy and lactation, when the 
specification is about doubled. The calcium derived from the cream 
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and Ainigeii is 0.37 Gm. ; this leaves a deficit of 0.43 Gni. of calcium, 
which is made up by 4.S Gm. of caleium glucoiialo (monoliydrale, U.S.P. 
XI) ill the salt mixture. 

Iron, copper, and oilier meiah: The National Ilcscarch Couiicir.s 
rcconiineiidatioii for the daily requirement of- iron in normal adults is 
12 mg. Inasmuch as the Amigcn alone contributes 41 mg., none of this 
element need be added to the salt mixture. Likewise for copper, since 
the 4 mg. contributed by this constituent is adequate for erythrocyte 
and hemoglobin formation in normal individuals. The presence of these 
two metals obviates, in all probability, the need for manganese and 
cobalt. Ill tlic event of a marked anemia, such as might result from a 
bleeding ulcer, additional quantities of iron and copper should be pre- 
scribed. 

riiospliorus: The mean phosphorus content of the dietaries cited by 
Sherman varies between 0.6 and 2.8 Gm., with a mean of 1.6 Gm. per 
day. Therefore the quantity of phosphorus (about 2.0 Gm.) supplied 
by the Amigen and cream is sufficient, and no additional phosphorus 
need be included. However, some alkali pliosphate was added to the 
salt mixture in order to adjust the acidity of the aliment from a pH 
around 5.5, which characterizes Amigen and Dexin, to a value of 6.0 to 
6.5. For this purpose, 7 Gm. of secondary sodium phosphate (Na„HPO.„ 
U.S.P. , dried) per 2,400 Cal. was found to be sufficient. 

5. Vitamins . — A suitable supply of vitamins is essential in general, 
but particularly in patients with peptic ulcer, who are likely to be 
markedly deficient in this respect. The daily allowances recommended 
by the National Research Council, Committee on Foods and Nutrition, 
however, make no provision for such deficits. Therefore, a minimum 
of twice the amounts specified for a 70 kg. male at the 2,500 Cal. level 
was employed for the aliment. The adjusted values are as follows: 
vitamin A, 10,000 lU (6 mg. j8-carotene) ; vitamin D, 800 lU ; ascorbic 
acid, 3,000 lU (150 mg.) ; thiamin, 1,000 lU (3 mg.) ; riboflavin, 4.4 
mg.; nicotinic acid, 30 mg. Tliese accessory factors were given in the 
form of halibut liver oil and a vitamin B-eomplex mixture," which also 
contains pyridoxine and the filtrate factor. In addition to these quan- 
tities, however, the usual therapeutic doses should be administered for 
several days prior to the operation for jejuno.stomy. 

6. Calories . — The foregoing calculations have presumed a total caloric 
intake of 2,400 Cal. per day. This is slightly higher than that usually 
recommended for a sedentary young or middle-aged man, for whom 
Sherman prescribes 2,000 to 2,200 Cal. The same level has been recom- 
mended for jejunostomy feeding by Wangensteen. Kirschner’s“ diet 
contains about 2,000 Cal. also. Walters and Hartman-® maintained the 
caloric level at 1,300 from the third through the fifth postoperative day, 
and thereafter raised it to 2,500 Cal. by changing the proportions as well 
as tlic amounts of the several constituents. It must be remembered that 
a febrile reaction, following the operation, means an increased me- 
tabolism; the resultant increase in caloric requirement is usually esti- 
mated at 10 per cent per degree of fever. Based on these considera- 
tions, 2,400 Cal. was set as a daily standard for jejunal alimentation in 
the present work. Such feeding was started at a level much lower than 
this, be cause of bowel intolerance to large volumes of material post- 

•BUwin, manufactured by International Vitamin Corp. 
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operativelj'. However, following a suitable period of adaptation, it was 
often possible to administer 3,000 Cal. or more per day by means of the 
predigested aliment. 

7. IFflte?-.— Best and Taylor- stale that the norma] adult water iv- 
quirement under ordinary circumstances is around 2,500 c.c. daily. 
Complete metabolism of the protein, carbohydrate, and fat in 2,400 Cal. 
of the predigested aliment will furnish about 300 c.e. of Avater. Em- 
pirically, however, we found that a final concentration equivalent to 1 
Cal. per cubic cenlimelei- Avas adequate for routine purposes. Additional 
fluid required in cases of dehydration or thirst may be stipplied paren- 
torally, immediately after the operation, or by the addition of physio- 
logic saline solution to the aliment. A concentration as high as 1.5 Cal. 
per cubic centimeter Avas tolerated Avithout difficulty both by dogs and by 
patients, but this upper leA’el reduces the basal Avalcr intake to an un- 
desirable exteJit. Furthermore, the consistency of the mixture at the 
loAver concentration is sufficiently fluid so that clogging of the dispensing 
apparatus does not occur. The osmotic pi’c.ssure of the aliment is sub- 
stantially greater than the isotonic A'aluc, but the absence of any com- 
plications attending the u.se of this eonceutration .suggests that the 
degree of hypertonicity is Ioav enough to obA'iale cxee.ssiA'o stimulation 
of boAvel motility. TToAvever, this osmotic concentration factor is being 
giA-en further investigation. 


PBEP.ARATIOX AXD ADMIXISTRATIOK OF THE JE.JUXAL ALIMEXT 

Amounts of the amino acids, carbohydrates, and salt mixture, suf- 
ficient to make a liter of the diet (Table II) AA’ere Aveighed out and dis- 
solved in A\mrm tap Avater Avithout stirring. The mixture, possessing a 
A'olume about 900 c.c.* Avas transferred to a milk bottle, capped, and 
•Sterilized. After cooling to beloAV 10° C., the requisite amounts of the 
A'itamin preparations were added, the ascorbic acid being fir.st dissolved 
in a small amount of sterile Avater. The 3 )reparation Avas kept in the re- 
frigerator until required for use, A\-]ien it Avas AA'armed to about body 
temperature and the cream added Avith Augorous shaking. Scott and 
Iaw,-^ Boekus,® and others call attention to tire need for Avarming the 


Table II 

CoMrOSlTIOX OF THE PliEIMCESTF.n Alimext 



1 

AlIOUXT 


1 PER LITER 

I PER 2,400 CAI,. 

Water 

760 c.c. 

1,824 c.c. 

Amigen 

So Gm. 

204 Gm. 

Dexin 

150 6m. 

.360 Gm. 

Cream ilS.o per cent; clensitv 

So c.c. 

204 c.c. 

= 1.01 at lO” C.) 

Salt mixture- 

10 Gm. 

24 Gni. 

Yitamin.s (minimum amounts) 

Halibut liver oilt 

0..13 c.c. 

0.8 C.e. 

Ble.vin t 

5.8 c.c. 

14.0 C.C. 

Ascorbic acid 

63 mg. 

150 mg. 


‘The salt mixture is prepared 
NaCl 
KCl 

AfeSOi .THjO 
Ca gluconate. H;0 
Na:HP04 dried 


in the following proportions 
100 Gm. 

100 Gm. 

46 Gm. 

100 Gm. 

160 Gm. 


4.8 Gm. 

4.8 Gm. 

2.2 Gm. 

4.8 Gm. 

7.0 Gm. (cn.) 


tinternational ATtamin Corp. 


‘As prepared in our diet kitchen, the material is made up in ooantities than 

this and distributed among a number of bottles, each containing about SOO c.c. ot we 
mixture. 
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material before administration. Trial experiments in tins laboratory, 
however, have shown that the aliment is well tolerated in dogs with 
healthy gastrointestinal tracts, at lempei-atnres between 20 :ind 40° C., 
provided that the rate of administration is properly controlled. How- 
ever, for clinical use it is our practice to wai-m the material to 37° C. 
before placing it into the dispensing apiiaratus. 

The aliment was administered by means of a gravity drip apparatus, 
provided with a needle valve at the air inlet, as described elsewhere.' 
By means of this valve, the speed of in.ioetion can be kept relatively 
uniform, at an average rate below 200 c.c. per hour. The cream is well 
emulsified and will not separate if the mixture is gently agitated by air 
flowing into the drip reservoir throu.gh a jMariotte tube. If the cream 
does separate because of inten-upted use of the apparatus, it can be 
redistributed by gentle shaking of the re.servoir. The mixture is more 
fluid than preparations containing starchy or mealy substances, and 
therefore it does not clog the rubber tube or orifices of the apparatus. 

EFFICACY OF THE PREDIGESTED ALIJIENT 

The value of any .iejunal aliment must be gauged first of all by the 
absence of cramps, diarrhea, and other disturbing sjmiptoms during its 
administration; second, by its ability to maintain or increase body 
weight; and third, by its efficiency in correcting dehydration, hypopro- 
tcinemia, and alkalosis. In the present report, experimental and clin- 
ical data concerning the first two of these criteria arc presented. A 
systematic investigation of the efficiency of the pvedigested diet in cor- 
recting Avater, electrolyte, and protein imbalances has been left for sub- 
sequent study. 

Tolerance to the predigested aliment was first established by oral ad- 
ministration to two dogs (Dogs 131 and 142) without jejunal fistula. 
Both animals had lost some weight following gastric operations for other 
purposes, and this loss Avas augmented by limited food intake. Thej^ 
Avere then given the jejunal aliment by mouth, one feeding each day, 
for a period of thirty-eight days. Tavo other dogs Avere provided AAdth 
a jejunal fistula by the Mann-Bollman^® technique, AAdiich uses a three- 
to four-inch piece of ileum connecting the jejunum Avith the skin, to 
form a T type of jejunostomy. One of these animals (Dog 67) lost some 
Aveight prior to, and immediately after, the operation, before jejunal 
alimentation Avas instituted; the other (Dog 154) maintained its Aveight 
over this pre-experimental period. Jejunal feeding of the predigested 
mixture to the first dog was continued for five and one-half Aveeks, and 
to the second for over eight AA'eeks. During these periods, various modi- 
fications in the conditions of feeding (quantity per day, rate of ad- 
ministration, temperature, etc.) Avere made for experimental pur- 
poses, but none of them Avere significant as regards body Aveight changes. 

The quantities fed, the duration of feeding, and the Aveight change 
are indicated in Table III. The aAmrage daily intake of the diet, as pre- 
sented in the last column, Avas calculated on the basis of the actual 
number of calories given the animal each day during the period of ob- 
sei’A'ation. In order to calculate this “per kilogram body AA'eight,” aa'c 
used a “normal ’ Aveight Avhich had been estimated from a series of 
AA eights taken prior to operation; during this preoperatiA'e period the 
animals had been kept on a stock diet and in excellent nutritional eon- 
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Tabu; III 


SrMMABY OV' OliS];)lVAT10N'S ON* TJIK ABMINISTBATIOX OK Till: PnKDlCK.STni) AuMEA'T 






ItOBY AVniOIlT (kg.) 

! 

AVEr.A0E 

snjjycT 

1 

.METUOl* 

OK 

KKraa.va 

i 

bun.vriox 

OK 

n'Ebixo 

(D.AVS) j 

‘ ‘ xon- i 

j 

MtSl- ' 
Ml’M (.^T 
.STAKT OK 

AI.I-ArE.V- 
TATIO.Xl 1 

YlSAh 

1 

1 

1 

('JIANGK ; 

(VYM 
CKST) j 

IXTAKE OK 
AblMKXTt 
t'Ki; 

CAL. vrji KG. 
I’ER b.vY 

Dog Dll 

Oral 

:is 

12.6 

\‘k.\ 

7.4 

1.1 

(Ji%) 

8.1 

Dog 142 

Oral 

as 

14.0 

10.0 

10.2 

0.2 

70 

Dog 07 

Jcj. 

as 

10.0 

s.c 

8.4 

(1.4 

(■1%) 

98 

Dog 1.14 

•Tej. 

5S 

11.4 

11.4 

12.1 

0.7 

(ti%) 

So.o 

Patient 
.)] 7,;)(i!» 

Joj. 

ai 

1)8.2 

.lo.O 

01.8 

o.s 

(12.4%) 

2,200) 


•For the dos-*-'. this \v!i,s esllnuited from the jireoperative weight over several 
months. For the patient, it was ba.sod on his own estimate-. 

tThi.s a\erace was calculated on the ba.sis of the "normal'’ body weight and the 
actual arnount.s piven each day durinp the period of observation. 

JThis \alue repre.=ent.s the total daily intake, and lncUide.s an average of 334 Cal. 
per day of milk Bi\en by intnipa.stric drip. 


dilion. In this connection it should i>o noted thiit the hnsal metabolic 
rate for dogs, on the average, i.s esliinated at So Cal. per kilogram body 
tveiglil per day, for a 12 to 13 kg. animal.’ However, the actual main- 
tenanee recpiircinent, without increase of body weight, of a moderately 
active adult dog is usually .set around SO Cal. per kilogram per day.® 
The average calorie intake of the four dogs maintained on the predi- 
gested aliment varied between 70 and 98 Cal. per kilogram per day. At 
these levels the initial body weight was maintained or increa.sed over 
the periods of alimentation, the rc.sponse varying with the previous 
condition of the animal as well as the completene.ss of ab.sorption of 
the foodstuff. 

In all of the animal experiments, the concentration of the alimmrt was 
kept constant, at 1 Cal. per cubic centimeter. The .jejunostomy dogs 
received the material by continuous drip, usually in tlu'ee feedings per 
day. These feeding periods lasted one to two and one-half hours each, 
with an interval of one hour betAveen. In Dog 67, the initial rate Avas 
200 c.c. per hour, but this Avas increased to 260 e.c. on the second day. 
Thereafter it varied hetAveen 200 and 340 c.e. per hour. At the AA-eek 
end. je.iunostomy feeding Avas discontinued and the total amount of 
material A\'as fed orall.A'. In the second animal (Dog 154) it AA'as neces- 
sary to reduce the initial rate of drip administration to 150 e.c. per 
hour, because of a loAA'cr tolerance. During the third day, it Avas in- 
creased to 200 c.c. On the fifth day the rate Avas stepped up further 
to 250 C.C., folloAving AA’hich it A’aried betAveen this and the initial value. 
On the fifteenth day, the clog pa.ssed a Avatcry stool and A’omited. Epi- 
sodes of A'omiting occurred repeatedly for scA'cral days. There Avas a 
sudden Aveight loss of about 1 kg., and the experiment Avas discontinued 
temporarily. Throughout this episode, hoAVCA'er, the stools Avere normal 
or -‘semiformed.” The dog aaxts kept on a bread and milk diet for the 
folloAving ten days, during Avhieh time tlie A'omiting stopped completely 
and 1 kg. of weight Avas regained. At this point Jejimostomy feedings 
AA'ere resumed and Avere continued for forty days thereafter. During 
this second experimental period, the mode of administration Avas changed 
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£rom the drip to the massive inn'celion Icchiiique, 160 e.e. l)ei]is’ injeelod 
over an interval of fifteen minnies or less; tliis was repealed at lionrly 
intervals. Oral feedings were given only dui’ing the week ends. 
Thronghont this period no gastrointestinal dislnrhanecs occurred and 
the animal continued to gain in weight. 

Apart from an occasional episode of loose stool in the earliei' days 
of experimentation with Dog 67, and the one incident just referred to 
in Dog 154, there was never any evidence of diarrhea or abdominal ])ain 
in any of these animals. While the ah.senee of such disturbing .synpi- 
toms may be taken as a matter of course during oral feeding, their ab- 
sence during the .iejnno.stomy experiments clearly indicated that the 
aliment was nonirritating. The several loose stools Averc susjiected of 
being associated with the presence of a contaminating organi.sm in the 
aliment. Following the institution of routine daily sterilization of the 
drip apparatus, as well as of the aliment, this minor disturbance dis- 
appeared almost entirely. Vomiting never occurred as a consecpiencc of 
oral feeding, but it was noted occasionally during the early trials of 
jejunal alimentation. This disturbance was clearly a consequence of an 
excessive rate of feeding, for it disappeared immediately when the rate 
was reduced. It is interesting to note, in this connection, the statement 
hj* Elman and Liseher'- that the intravenous administration of an amino 
acid mixture to human beings causes vomiting when the rate exceeds 25 
Gm. per Jiour. 

Gross response of patients to the synthetic diet was established by 
its routine administration to eight Avard patients. One of these AAms a 
jejunostomy preliminary to gastric resection; the others Avore eomifie- 
mentarj^ jejunostomies, having been performed simultaneously Avith sub- 
total gastrectomies. Tavo of these eases AA’ere folloAved more carefully 
than the otlier six, but in none of them Avas a systematic study made of 
the clinical efficacy of the ncAV feeding mixture. The total duration 
of jejunal alimentation varied from .six to forty-eight days, depend- 
ing on the needs of the patient. The aliment Avas administered by the 
drip technique; sometimes saline solution aa'ss added, especially during 
the first postoperative days, Avhen it Avas felt that additional Avater and 
salt Avere desirable. The rate of administration Avas ahvays Ioav during 
the first days (30 to 60 c.c. per hour) and aavss increased gradually there- 
after to a maximum around 125 c.c. per hour. HoAvever, no systematic 
procedure Avas folloAved in these preliminary studies, and on occasion 
the drip rate aavss as great as 200 or CA-en 300 c.c. per hour. Usually, 
the total quantity administered in tAventy-four hours fell short of the 
goal of 2,400 Cal., because of uncontrolled A-ariations in drip rate and 
interniitlent discontinuance of the drip feeding, resulting from the 
shortage of nursing seiwice. For this reason, some mechanical dcA’ice 
for dispensing the material at a controlled rate is highly desirable. 

All patients receiA'ing the syntlietie aliment for any significant length 
of time gaA'e ample cA'idence of an improvement in general nutritiA-e 
condition and in the ehemi.stry of the tissue fluids. One of the Iavo pa- 
tients given special attention (No. 518919) had had a gastroenterostomy 
performed for an inoperable cancer infiltrating the duodenum and the 
head of the pancreas. During eighteen days immediately folloAving 
ojieration. the patient Avas maintained on jejunal alimentation Avithout 
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supplement ary oral feeding, and gained .seven and one-half pound.s. 
The other (No. 517369) was a man with a history of duodenal ulcer of 
fifteen years’ duration. An exploratory laparotomy revealed a du- 
odenal ulcei- so extensive that a suhlotal gastrectomy was inipo.ssihle; 
therefore, a preliminary .iejunostomy was performed for alimentation 
and gasti-ic re.st. For three and one-half weeks thereaflei-, tlie patient 
continued to suffer violent disti‘e.s.s and was generally uncooj)ei’ative. 
so that although .ie.iunal feeding was emj^loycd, it could he 2 ')ursucd for 
only part of this period and then unsystcmatieally. ]3y tlie middle of 
the fourth week', when his Aveight had dropped to the lowest obseiwed 
during his period of hospitalization (121 pounds), we Avere able to in- 
duce a spirit ol eoo])eration by confiding to him the iiiA'estigatiA’e nature 
of our Avork. In a short time he Avas able to fill and control the drip ap- 
paratus himself, so tliat the feeding process Avas considerably more ef- 
ficient than AA’ith any of the prcA'ious subjects. The aA'erage jejunal in- 
take of synthetic aliment over a period of thirty-four days Avas about 
1.850 e.c. per day; the highest single A-alue Avas 4,500 c.e. per day, Avhich 
appeared to be the limit of his tolerance. In addition to this, he Avas 
given about 500 c.c. (334 Cal.) of milk per day by intragastrie drip, 
for the purpose of intragastrie neutralization. Hence, his average 
daily intake of nutrient Avas almost 2,200 Cal. Avhich resulted in a gain 
of fifteen pounds in Aveight in the eour.se of five Aveeks. The pain sub- 
sided shortly after jejunal alimentation became regular. FolloAving 
this period of gastric rest, a .second exploration Avas performed, tAA-o' 
months after the first exploratoiy operation. There Avas a striking 
reduction in the size of the ulcer and in the inflammatory reaction about 
it. A subtotal resection Avas performed Avith ease, and the postopera- 
tive course Avas uneventful. 

Neither of these Iavo patients experienced cramps or diarrhea, although 
the first had one episode of loose .stools. In fact, actual diarrhea oc- 
curred in only one of the eight patients fed Avith the synthetic aliment 
(No. 518563), a patient AA'ith carcinoma of the pancreas and a functional 
liA'er impairment, AAdio aa'Us maintained in this Avaj' for fifteen days fol- 
loAving gastroenterostomy and jejunostomy. TAvice during this period 
(on the fifth and sixth da.A’-s) this patient experienced diarrhea, and 
there Avas a single loose stool on the eighth daA' and a single episode of 
Ammiting on the eleventh. Abdominal cramps did not occur in this 
patient but thej' Avere reported in tAvo others. In one of these they 
occurred, AvithoiAt any other disturbance, at the end of a ten-day period 
of alimentation. At this time the jejunal intake of 2,000 to 2,400 c.e. 
per day Avas being supplemented orally with a soft diet. In the second 
patient they occurred tAviee, on different days. HoAvever, one of these 
episodes occurred Avhen the patient Avas receding no jejunal alimentation 
at all; the second episode occurred at the end of a three-day period 
of distention and vomiting, during Avhich the jejunal intake was never 
greater than 840 c.e. per day. The succeeding six da.A's Avere unaccom- 
panied by vomiting, cramps, etc., even though the intake on one of these 
days Avas greater than 2,600 e.c. Consequently, the disturbances on both 
these days must be attributed to a cause other than the composition 
of the jejunal aliment. Vomiting, in association with jejunal feeding, 
occurred once Avith each of two patients, and four times (on tAA'o .sue- 
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cessivc days) with a tliird, but these symptoms disii])ponrecl as soon as 
the rate of administration was I’cduccd to a moi’c toloralde level. Sub- 
sequent gradual increase ol‘ the rale of drip was always well tolerated, 
and some of our patients were able to tahe as inueh as 300 c.c. per hour 
with no reaction worse than a feeling of fullness. This is consistent 
with our dog experiments, in which as much as 340 c.c. per hour was 
administered without untoward effects, 

DISCUSSION 

Our major problem in the present work was to develop a nutritionally 
adequate diet for .jejunal alimentation which could be tolerated without 
the disturbing gastrointestinal symptoms which have attended the use 
of previous formulae for this purpose. An analysis of the factors which 
are important in the composition of such an enteric aliment indicated 
that it must be nonirritating and very easily digestible or predigested. 
This calls for a suitable adjustment of the pH of the nutrient material, 
avoidance of an excessively high osmotic pressure, and the omission of 
fruit juice as a source of vitamins. The daily caloric intake should be 
higli enough to effect an increase in body weight. The calories must be 
distributed among the major nutritive elements .in such a way that the 
proportion of protein calories is fairly high and fat calories low. Pre- 
vious workers recognized the need for a low fat intake in order to pre- 
vent the cramps and diarrhea, but in spite of this, several Avell-lcnown 
enteric feeding mixtures contain a very high proportion of calories from 
this source. Furthermore, the fat must be supplied in a well-emulsified 
form ; thin cream has been found excellent for this purpose. As for the 
protein, a mixture of amino acids and simple polypeptides afforded an 
adequate degree of predigestion Avithout sacrifice of any of the essen- 
tial amino acids. As a source of carbohydrate, glucose must be excluded 
because its fermentation may cause diarrhea. The use of cane sugar 
alone is also undesirable, because it Avould result in an excessive eleva- 
tion of osmotic pressure. In the present Avork, a mixture of maltose and 
dextrins proved to be satisfactory. Provision must be made for all the 
essential vitamins and minerals, especially an adequate supply of NaCl 
to maintain Avater and salt balance, and of iron and copper for hemo- 
globin formation. If avitaminosis, alkalosis, anhydremia, or anemia 
are present, the jejunal supply of these factors must be supplemented 
parenterally or by the jejunal route. Proper sterilization of the ali- 
ment (before the addition of the vitamins) and of the drip apparatus 
is a factor of considerable magnitude in relation to the prevention of 
a possible enteritis. And finally, proper control of the rate of admin- 
istration is of paramount impoi’tance. Unless the feeding is sIoav enough, 
the aliment may cause nausea and Ammiting. For this reason, a satis- 
factory jejunal aliment must be of fairly thin consistencA', so as to en- 
sure a more or less eA'en floAv of material from the drip apparatus into 
the jejunum. A mechanical dispenser is to be preferred to a drip ap- 
paratus, but as yet Ave haA*e been unable to obtain one for our purpose. 

After several experimental mixtures had been tried, a preparation 
Avas finally evolved Avhich conformed Avith these requirements. This 
synthetic predigested aliment Avas then given to dogs, by the oral and 
jejunal routes, in order to study its efficac.A’ in regard to maintenance of 
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bodj' AveighI, and its freedom from irritating elements. Detailed .study 
of tAvo surgical patieTits and routine Avai'd observations on six otliens 
confinned clinically our exiierimental observations on animabs. At no 
time Avas there a permanent Avcight loss, and an increase Avas observed 
fre(iuently. Nausea and vomiting occurred a number of times in as- 
sociation Avith je.iunal feeding, but invari;ibly they avci'c traced to an 
excessiA'c rate ot administration, and disaj)peared Avith its ad.'juslment. 
A maximum drip rate as high as 300 c.c. ])er hour Avas attained clin- 
ically, Avhieh ap])eared to be near the limit of tolerance foi’ the.se pa- 
tients, but a rate of about one-half of this is sutYicient when administra- 
tion is more or less continuous. lIoAA'e\’cr, immediately after operation, 
.le.iunal alimentation should be staifcd at a Ioav rale, ])refcrably around 
60 c.c. per hour. The speed Avith Avhich this can be increased dejicnds 
on the reactions of the individual ])atient. but aftei’ a five-day period of 
adaptation, a rate of 160 c.c. ])er hour may be attained. To introduce 
2,400 Cal. under these conditions, not more than sixteen hours are re- 
cjuired. This rate of admini.stration ju'esumes that no physiologic 
saline .solution is added to the nutrient material. When such addition 
is nece.ssary, especially during the first few days postoperatiA'ch', it is 
generally made by .substituting the .salt .solution for an equal A'olume of 
the aliment. Diarrhea in association Avith .ie.iunal feeding Avas cncoun- 
taxd in only one of the eight patient.s, and cramps in Iavo of them, but 
there Avas good reason to belie\'c that these disturbances Avere nni’clatcd 
to the predigested aliment. 

It must be recognized that the disturbing .symptoms Avhich may re- 
sult from inadequacies in composition of the aliment, or in the conditions 
of its admijiisti’atioji, may occur also as a 1 'e.sult of other factors spe- 
cifically associated AAith the patient '.s condition. Nausea, vomiting, ab- 
dominal pain, and ci'amps complicate practically every ma.ior abdominal 
operation during the first five days postopcratively. These may occur 
CA'cii after the ingc.stion of tea or other fluids. It is difficult, therefore, 
to cA-aluatc properly the role of the .ie.7unal aliment itself in the occa- 
sional causation of these s.vmptoms. NcA-erthele.ss, there is ample evi- 
dence that the .s.Amthetic predigested inixture employed in these studies 
does not induce these gastrointestinal disturbances if it be properly ad- 
ministered. The Amlue of any enteric feeding mixture depends also 
upon the efficienc.A- of its absorption and utilization b.A- the body. The 
adequacy of this iicav aliment in this regard also has been demonstrated 
both experimentally and clinicall.A- In’ the maintenance or gain of bod.A' 
weight in all instances in Avhieh it Avas used. The evidence from this 
preliminary inA’estigation, therefore, has .iustifiecl the routine clinical 
use of this ncAv entei'ic aliment. 

SUJIJIARY 

The clinical uses of ,je,iunal alimentation are briefly rcAdeAved. Reasons 
for the current lack of Avidespread use of this feeding procedure are 
analyzed, in relation to the phy.siologic factors concerning the composi- 
tion of the nutrient material. On the basis of these factors, the formula 
for a synthetic predigested aliment is presented, together with the 
method of its preparation. In contrast AAnth preAuous formulas, empha- 
sis is laid irpon the incorporation of predigested proteins, the marked 
reduction in the fat content, the use of partiall.A' predigested carboh;\- 
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drale free oi! hexose sugars, and the liberal sui^ply of essential salts and 
vitamins. Evidence i'or llie efficacy of this nutrient, mixture is l}ased 
on increase in body weight and absence of cram])s and diarrhea, spe- 
cifically associated with its administration to cx])erimenlal animals and 
patients Avitli jejunostomy. I'hirthermore, it has been sliown tliat tlie 
occasional occurrence of untoward symptoms like nausea, vomiting, and 
distention can be eliminated by starling the rate of feeding at 60 c.c. 
per hour aird gradually increasing it to a maximum of 150 to 200 c.c. 
per hour about the fifth postoperative day, the speed of increase and the 
upper limit being established for each ])aticnt individually. The imjmr- 
tance of sterilizatio)i of the aliment and the drip apparatus is also dis- 
cussed. This preliminary investigation, therefore, has .iustified the clin- 
ical use of this synthetic predigested aliment, and the re.sponse of a 
larger group of cases to its administration is now being studied. 
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Editorial 


Peptic Ulcer 

A S\MPOSlUi\I 0]i ijcptic ulcer is ahvays timely, because ulcers of 
the stomacli aud duodenum are so fre(|uent]y eiicountej-ed and 
because of the likelihood of their recurrence. Generally, it is impoi’- 
tant to ditferontiatc betAveen an ulcer of the duodenum and one of the 
stomach, because it is quite universally accepted that the former is 
primaidly a medical ])rob]em, whereas the latter. is largely a surgical 
one. The reason for the differentiation between the two types is the 
susceptibility of the gastric muco.sa to malignant change and the po.s- 
sibility either of a lienign iilcer’s becoming malignant or of the ulcer’s 
masking an underlying malignant change. 

There are many factors which are resjmnsiblo for the development 
of peptic ulcej-ation, one of the mo.sl important of which is a constitu- 
tional predisposition which is inherent in llic individual and which he 
posse.sses for his entire life. For this reason, it is imperative in the 
handing of an ulcer patient to have him change his mode of living 
for the rest of his life in such a way that the precipitating factors 
responsible for the production of an ulcer are obviated. Of the pre- 
cipitating factors, unquestionably hyperacidity is the most important. 
This is substantiated by the fact that the various methods of therapy 
which are employed, with few exceptions, eitlicr preveJit m- control 
gastric acidity. Although the healing of an uncomplicated pe])tic 
ulcer usually oft'ers no difficulty, unfortunately too few physicians ap- 
l)i-eciate the importance of the pi'cvenlion of its recurrence, which is 
possible only with a rational understanding by the patient that he 
must avoid those factors wliich produce inei'eased acidity. Whereas 
the detrimental elfeets of alcohol and tol)acco have been known for 
some time, the importance of refraining from the use of these sub- 
stances after the ulcer has healed is not sufficiently realized by the 
medical profession generally. The detrimental effect of caffeine to 
patients who have an ulcer diathesis has not been emphasized until 
relatively recently. The investigations of Ivy and his associates and 
of Merendino and his associates clearly indicate the necessity of ab- 
staining from the use of caffeine-containing drinks by the ulcer patient. 
The psychic factor in the production of ixlcer is a prominent one. Al- 
though more difficult to define than the role which gastric acidity may 
play, it is a well-known fact that a patient with an ulcer is frequently 
relieved of all of his symptoms the moment he goes on a vacation even 
though he may disregard his dietary regimen entirely. 

In the treatment of an active ulcer, antacids as well as frequent 
feedings, both of which tend to neutralize the acidity, are of value. 

Of importaxiee also is the use of antispasmodics in order to favor the 
reflux of the alkaline duodenal secretion into the .stomach by over- 
coming pylorospasm. Frequently the use of continuous drip is es- 
sential in the control of the ulcer as emphasized by the results of 
AVinkelstein and his associates. 
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As empliasizcd liorc, Irealiuent. of Ihe acnlc nicer is not difficult. 
Generali}', and usually williin a few ivecks, tlie ulcer will lieal eoiu- 
pletel}'. Too frequently, hou-ever, the physician is likely to discharge 
his patient -without emphasizing to him the necessity of his aA'oiding 
those factors -which cause hyperacidity and which will result in the 
recurrence of the ulcer. In outlining such a therapy, it is not neces- 
sary to have the patient lead the life of an invalid. As a matter of 
fact, simply b}^ eating frequently, by avoiding overeating at any time 
for the rest of his life, and b}^ avoiding smoking and drinking and the 
use of condiments, he will be able to remain comfortable without 
exacerbations of the ulcer. 

The surgical treatment of ulcer of the duodenum is largely that of 
complications, there being a few eases of intractability of the ulcer 
which will not respond to medical therap}^ in which a surgical pro- 
cedure is justified and whieh is necessary to bring about relief. It is 
the consensus at the present time that when surgery is indicated in the 
treatment of peptic ulcer, a radieal procedure is necessary. Gastro- 
jejunostomy should be done seldom in the treatment of peptic ulcer 
and is indicated only in the ease in Avhieh, because of a long-standing 
cicatricial stenosis of the duodenum or the pylorus, there has resulted 
an atrophic gastritis with its concomitant hypochlorhydria and achlor- 
hydria. The danger of the development of a jejunal ulcer in a patient 
with a hyperacidity is far too great to jxistify a gastrojejunostomy in 
such a case. Although there is some difference of opinion concerning 
the amount of stomach that should be removed in doing a partial or 
subtotal gastrectomy for peptic uleei’, there is general agreement that 
all of the pylorus and the pyloi’ic antrum must be removed. As re- 
peatedly emphasized by Wangensteen and demonsti-ated conclusively 
by the work of Lannin, massive resections are essential, and it is also 
important that as short an intestinal loop be used to make the anasto- 
mosis as possible in order to insure against the recurrence of an ulcer. 

In gastric ulcer, one should always suspect the possibility of malig- 
nant change or the coexistence of a neoplasm Avith ulceration. For 
this reason, a gastric ulcer which does not heal completely Avithiu a 
short period of time should be resected, because the best time to treat 
gastric carcinoma is at the time AA'hen the diagnosis cannot be made. 

— Alton Ochsner, M.D. 

New Orleans, La. 


Announcement 

In compliance Avith the directiA’^es imposed by the War Production 
Board limiting the amount of paper consumed in the production of this 
JouRX.AL, the publishers find it necessary to change the format. As soon 
as those restrictions are lifted the original format Avill be restored. 
Even though the number of pages has been reduced, the actual con- 
tent of the journal has not been decreased to any appreciable extent. 
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proximate number of coliform organisms per gram of feces. Before sulf; 
snxidine is administered, the colonies of coliform organisms on the plate Avi 
be too nnmerons to count. Wben the plate count has dropjmd to 100. the fec( 
being studied will contain roughly 10,000 colifoimi organisms per gram. Oi 
practice has been to consider a coliform population not exceeding 1,000 orgai 
isms per gram of feces as indicating a satisfactory preoperative pi’eparatioii c 
the colon, and the corresponding count on the streaked plate should not excee 
tAventy colonies. 

When the coliform count has dropped to 1,000 organisms per gram of fece; 
the stools Avill have become semifluid, relatively odorless, small in bulk, an 
mucoid. 

In 1943. Both and Eos.s-’’ -- published their re.sults on a contimicd .study o 
the aeylated sulfonamides and presented data on phthalyl.sulfathiazole (Sulfa 
thalidine) Avhieh shoAved this compoTind to po.ssess approximately tAvice the bae 
teriostatic activity shown by sulfasiixidine as indicated by their autibacteria 
actions agaiu-st the coliform organisms in the gastrointestinal tract of dog anc 
man.-® These findings Avere confirmed and extended by ilattis, Benson, ant 
Koelle.-^ 

In general the effects of snlfa.suxidine and sulfathalidine ai-e similar, as in- 
dicated by their antibacterial action against the coliform organisms. Sulfa- 
tbalidine does not tend to reduce the feces to a semifluid state, nor does it effect 
as great a degree of change in the odor of the stools. Obviously, the action of 
the drugs does differ someAA-hat, both cpialitatively and fjuantitatively. Sulfa- 
thalidiue has the gi-eater tendency to alter the coliform count and Avill loAA-er the 
count even in the presence of severe diarrhea. With the admini.str-ation of this 
latter drug, hoAvcA'cr, the feces tend to become tenacious and stringy and i’e.sult 
in less efficient mechanical emptying of the boAvel and a less satisfactory surgical 
preparation unless enemas and purgatives are used simultaneously. 

Dosage . — Since sulfathalidine has tAvice the bacteriostatic aetiA'ity of sulfa- 
suxidine, one-half the amount of the former drug Avould have a bacteriostatic 
action, as indicated by the effect on the coliform organisms, equal to that of 
the latter compound. The usual dosage of sulfasiixidine is 0.02 Gm. per pound 
of body weight eA’ery four hours, or 3.0 Gm. every four hours for an aA’^erage- 
sized man (150 pounds). This dosage is approximately 0.25 Gm. per kilogram 
each tAventy-four hours. The corresponding dose of sulfathalidine is 1.5 Gm. 
eveiy four houi-s. In the ease of these drugs, Avhich are sparingly absorbed and 
AA'hose effective action is limited locally to the gastrointestinal tract, it is not 
the Aveight of the patient but rather the inner surface area of boAvel, and the 
rate at which the drag passes OA'er this surfaee, AA'liich determines the quantity 
of drug required to effect the desired antibacterial action. In the presence of 
an extensiA^e diarrhea, the dosage must be doubled to effect an equivalent altera- 
tion of the bacterial flora. It has been found that sulfathalidine is the drug 
of choice when diarrhea is present or Ai’heneA’er enemas and purgati\-es are used. 

Toxicity. — Of the seA-eral thousand indiA’iduals Avho haA^e reeeiA'ed these 
drugs in full therapeutic doses, there has been but a single fatality reportedly 
due to drug intoxication folloAving the administration of sulfasuxidine. In 
this instance-®’ a patient, preA’iously shown to be sensitiA’e to sulfathiazole, 
developed a fatal acute agranulocj-tosis following the administration of 159 Gm. 
of succinylsulfathiazole in the course of tAveWe days. Fever therapy, in the 
form, of the injection of killed typhoid organisms was being administered simul- 
taneously. 
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Clay and PickrelP' reported two reactions following succinylsnlfatliiaxolc 
administration. One of these consisted of a hematuria which had not keen 
previously reported. An unusuallj’^ high blood level of 3.8 mg. per cent of 
sulfatliiazole was found two daj's after the drug wa.s discontinued. No sulfa- 
suxidine determinations were reported. In my experience it has not been un- 
usual to find sulfatliiazole being given when sulfasuxidine had been ordered j 
and unless this possibility was eliminated, such an occurrence might explain 
this isolated observation. Hematuria usually means crystalluria, which rvill 
not occur when sulfasuxidine is administered unless the urine has an unusually 
strong acid reaction. 

I have observed two instances in which patients developed myalgia, ar- 
thralgia, hj^perpyrexia, and a rash following the administration of sulfasuxidine. 
These reactions were sufficientlj'’ sevei-e to contraindicate continued drug therap3^ 
Mild I'eactions to both sulfasuxidine and sulfathalidine are not infrequent, and 
an occasional severe reaction must be expected. Ordinarihq these reactions 
consist of nothing more severe than headache, malaise, anorexia, and moderate 
rise of temperature and do not require that the therapj’’ be interrupted. Of the 
two drugs, svdfathalidine is the least toxic. Bargen*® found, from a study of 
over 2,000 patients to whom sulfasuxidine was administered, that toxic reac- 
tions of sufficient degree to indicate discontinuance of the therapj* occurred in 
less than 1 per cent of the cases. Sulfathalidine was then administered to these 
patients sensitive to sulfasuxidine without the recurrence of toxic manifesta- 
tions in a single instance. Obviously, a severe reaction may occur and oxiy pa- 
tient receiving either of these drugs should be under adequate observation.'® 
Alien®® repoi’ted that approximately one-fifth of his patients having cai’cino- 
ma of colon sliowed increased hemorrhage after receiving sulfasuxidine for four 
or five days. I have noticed an increase of bleeding in an occasional patient, 
but the incidence has not been so high. In my experience the increased bleed- 
ing has not been sufficiently serious to force an emergencj'- operation or a change 
in the preoperative management. An increased tendencj'' to bleed at the line 
of suture has not been observed during the postoperative period when sulfa- 
suxidine was administered. 

THE PREOPEKATIVE PREPARATION OP THE COLON 

Not only is it desirable to lower the bacterial count and simplify the flora 
of the bowel before operation, but the colon must be mechanically clean and 
emptjL Ordinarily these conditions can be aecomplislied by merely placing the 
patient on a low residue diet and administering snccinjdsnlfathiazole. Occa- 
sionally it may be necessaiy to use more vigorous methods to clear the bowel 
of fecal material, and most surgeons insist upon using purgatives and enemas as 
a part of the surgical preparation. In this event, and in the absence of ob- 
struction, the patient is placed on a residue-free diet high in protein and carbo- 
hj’-drate, a saline purgative is given to effect efficient evacuation of the bowel by 
several watery stools, after which a high colonic flush is administered. The 
diet should consist of strained fouit juices fortified with lactose, gelatin, 
casein, jello, and ^^tamin concentrates. A minimum of 100 6m. of protein 
should be taken daily, especially if the patient has been on a restricted pi-otein 
intake. The patient will take this diet readily, especially if the simple carbon- 
ated drinks are given. Alcoiiolic beverages in moderate quantities ma^' be 

allowed wlien the patient is accustomed to taking them and thcA' are well tol- 
erated. 
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Oecasioiiallj'' a inaliiourisliGd patient will not I’esponcl to an aclcQuate pro- 
tein intake. Only the simplest emergency operations should he done when the 
plasma protein concentration is Ic.ss than 5.5 per cent and the A-G ratio is less 
than 1.5. Starved patients frequently have fatly livers (Wangensteen^’) and 
tolerate anesthesia and extensive operative procedures poorly. It is not unusual 
to find that a patient with protein deficiency will refuse to eat and may require 
intravenous amino acids. After three to four days administration of amino 
acids intravenously with parenteral vitamins, the appetite will return and ade- 
quate food will be taken b}’’ mouth and be utilized to replace the depleted pro- 
tein stores. 

A. The Use of Sulfasuxidine for Preoperafive Preparation. — Sulfasuxidiue, 

3.0 Gm., is given orally every four hours for at least seven days if no observa- 
tions are made on the eoliform content of the feces. Quantitative bacteiuologic 
studies of the feces of 350 patients show le.ss than 1,000 eoliform organisms per 
gram of wet feces after the folloudng periods of treatment: (1) 37 per cent with- 
in three days of therapj’-, (2) 80 per cent within five days of therapy, and .(3) 9-1 
per cent within seven days of therapy. If the eoliform count is followed by 
the streak technique, the drug is given until the number of eolifoi’in colonies on 
the streaked plate is le.ss than twenty. In the presence of a watery diarrhea, 
3.0 Gm. of snlfathalidine each four hours should be substituted for the sulfa- 
.suxidine. Should the diarrhea stop, the dosage should be reduced to 1.5 Gm. 
of snlfathalidine. If an enema is given on the evening preceding operation, it 
should consist of sterile tap water containing 10.0 Gm. of sodium bicarbonate 
and 6.0 Gm. of sulfasuxidine powder to the liter administered as a high colonic 
flush iu sufficient quantity to ensure complete evacuation of the colon. I have 
seldom found this measure necessary to secure an empty, collapsed bowel at the 
time of operation. Sulfasuxidine appears to be slightly irritating to the mu- 
cous membrane of the large bowel resulting in an increased secretion of mucous 
characteristicall.r accompanied by three or four small soft bowel movements 
daily. ^ 

B. The Use of Snlfathalidine for Preoperative Preparation. — Sulfathal- 
idine, 1.5 Gm., is given orally every four hours for at least seven days if no 
observations are made on the eoliform content of the feces. Again, if the coli- 
form count is observed using the simplified streak technique, the therapy is 
continued until the number of eoliform colonies on the streaked plate is less 
than twenty. This obseiwation will frequentlj' allow a considerable reduction 
in the time required for satisfactory preparation, because many patients will 
have shown a significant alteration of the bacterial flora within three days of 
therapy. 

Snlfathalidine is not as efficient as sulfasuxidine in effecting mechanical 
cleansing of the bowel, because it does not render the feces as fluid. Mild 
purgation must ordinarily be used in conjunction witli the administration of 
phthalylsulfathiazole. The patient should have at least one bowel movement 
daily. Obseiwation of the size, consistency, and odor of these stools will readily 
indicate when the colon is satisfactorily evacuated. Should tlie patient develop 
a watery diarrhea, the dosage of snlfathalidine should be doubled. If enemas 
are used, thej’^ should consist of sterile, warm, tap water containing 10.0 Gm. 
of sodium bicarbonate and a suspension of 6.0 Gm. of snlfathalidine powder 
to the liter. 

It must be remembered that the sulfonamides are bacteriostatic substances 
and that they do not ordinarily possess bacteriocidal properties. It is required, 
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tlievefore, tliat these drugs come hi conlaet Avith the entire mucosal surface to 
effect a significant alteration of the bacterial tiora. A segment of bowel into 
Avhieh no drug passes will continue to feed oi-ganisms into distal portions of 
boAvel, and the feces will continue to show high bacterial counts. The time re- 
quired to alter the bacterial flora in the presence of divert iculosis is prolonged. 
In the presence of fecal fistulas diverting the fecal stream away from the distal 
portion of bowel, not only must the usual dose of drug be given by mouth, but 
an equal quantity of drug must be introduced into the distal segment of boAvel 
if the flora in this portion is to be aft'eeted. 

It is not universally agreed that sulfasuxidine is the drug of choice for the 
preoperative preparation of the colon, and it certainly would not be so if a watery 
diarrhea exists or if enemas and purgatives are administered. 'Whichever drug 
(sulfasuxidine or sulfathalidine) is superior will be determined by the entire pre- 
operative management and must be fitted into the routine of the indiA’idual physi- 
cian. Sulfathalidine will likely be preferred by many surgeons, because its greater 
antibacterial activity will permit the use of purgatives and enemas. I have 
rigorously avoided the use of any procedures accessory to the administration of 
either succinylsulfathiazole or phthalylsulfathiazole. Under these conditions I 
consider succinylsulfathiazole to be superior. Bargen,^'*- on the basis of ex- 
perience gained from the observation of 2.075 patients treated Avith sulfasuxidine 
and sulfathalidine in 1943 and 1944, states; "Succinylsulfathiazole (sulfa- 
suxidine), so far, has proved to be the drug of choice in p’reoperath’e manage- 
ment, Avith phthalylsvdfathiazole (sulfathalidine) serving as an alternati\'e 
when toxicity to succinylsulfathiazole manifests itself.” It is unnecessary, 
routinely, to determine the level of these drugs in the blood, because only about 
5 per cent of the ingested drug is absorbed and the 'rate of excretion by the 
kidneys is rapid. In the event of an uutOAvard reaction the blood level should 
be deternAined. 

THE PO.STOPERATIA’T; ADMINISTRATIOX 


There may be little indication for the postoperative administration of these 
locally active sulfonamides ; for example, when the operative procedure ends in 
a colostomy as in the ease of an abdominal-perineal resection. When bowel su- 
ture is performed, hoAA'ever, and the immlved segment is retained in the peri- 
toneal caA’itj’’, the bacterial flora .should be controlled for tAA'^elA^'e days postopera- 
tively so as to pass the period during Avhich leakage may occur at the suture 
line. During the first tAventy-four hour postoperath'e period continuous gas- 
tric suction is used, because this period includes recovery from the anesthetic 
when air is frequently SAvallowed in considerable quantities. Ordinarily, the 
patient can then tolerate Avater of room temperature in 30 e.c. quantities at 
hourly intei’A'als and 1.5 Gm. of phthalylsulfathiazole eA'eiy four hours. It is 
best to give a single 0.5 Gra. tablet of drug on three occasions during the four- 
hour interval rather than the entire drug in a single dose. The drug is toler- 
ated surprisingly Avell. During the postoperatiA'e period, sulfathalidine is the 
drug of choice. 


SUPPLEirEXTARA: DREG THEn.APA' 

As Stated by Pemberton and assoeiates^o ; "In spite of tlie availability of 
the newer chemotherapeutic agents, the chief cause of ho.spital deaths after 
operation on the large intestine continues to be infection. Of tlie thirty-four 
hospital deaths after operations on the large intestine in 1943, seventeen were 
caused by peritonitis, three Avere jirimarily due to pneumonia and one Avas from 
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septicemia.” In this series the operative mortality due to peritonitis is only 
1.0 per cent, hut it docs represent the greatest single cause of liospital death 
following operations on the colon. The two ad.invanis used consisted of the 
preoperative preparation with snecinylsnlfathiazole and the intraperitoneal in- 
stillation of snlfathiazole powder at the time of opei’ation. It has been demon- 
strated repeatedly that the instillation of snlfathiazole intraperitoneally is of 
value in preventing peritonitis.'"’-- In the event there is wound sepsis about 
a fecal fi.stula, Keene’® recommended that snlfathiazole or sulfadiazine should be 
giveii for forty-eight houi's before operation, and so long as is deemed necessai’y 
postoperatively, in full therai:)eulic doses to give optimum tissue saturation. 

As penicillin becomes nuire readily available, it will, no doubt, figure as an 
additional adjuvant. 

DlSC’U.'^SIOX 

The aim of this paper is to delineate the relative values of sulf'asu.vidine 
and sulfathalidine as agents in preparing the colon for operation; not only to 
reduce and siniiilify the bacterial population and thereby reduce postoperative 
infection of the peritoneal cavity and abdominal wall, but also to place the 
colon in the best mechanical condition by removal of fecal material and reduc- 
tion of postoperative distention. 

It has been demonstrated repeatedly that these ae.vlated sulfonamides alter 
and simplify the bacterial flora of the gastrointestinal tract. The question is 
raised as to whether such a modification is of any practical value in making 
surgery of the large bowel a safer procedure. 

The first report on a series of fift.v patients receiving snecinylsnlfathiazole 
both preoperatively and postoperatively when operations were performed on the 
colon was bj' Potlr in 1942. No fecal fi.stulas developed, there were no in- 
stances of peritonitis, and there were no deaths. 

In 1943, Allen" expressed the opinion that witli the use of sulfasuxidine 
there was a definite tendency to increase the nuinber of single-stage operations 
on the large bowel. By 194.5, this author'"’ considei’s sulfathalidine the drug of 
choice for the preoperative management of patients with carcinomas of the 
colon, because this drug shows no tendency to cause increased hemorrhage from 
ulcerating lesions. In addition sulfadiazine is given intravenously beginning 
on the morning of the operation. Sulfathalidine is administered postopera- 
tively as soon as tolerated. This procedure has permitted open anastomoses, 
deep in the pelvis, without instituting drainage to the area. 

Also in 1943, Zintel, Lockwood, and Snyder'® and Archer'^ reported favor- 
ably on the use of succinylsulfathiazole in the pi’eoperative management of 
colon resections. 

Behrend'® (1944) was most enthusiastic about the value of sulfasuxidine 
which has pei'mitted him to substitute primary anastomoses without an accom- 
panying ceeostoniy or other form of enterostomy for the llikulicz operation in 
surgery of the colon. 

Archer and Lehman"’ have stressed the importance of an adequate protein 
intake during the period of preoperative preparation. They also used succinjd- 
sulfatliiazole. They reported thirty-six successive operations performed on the 
colon with one death attributable to the failure of the drug to protect a 71- 
year-old man from a localized peritonitis, pneumonia, and lung abscess. 

Dixon and Benson." in 1944. compared the re.snlts obtained on the surgical 
closiu-e of the stomata in 274 llikulicz operations using four different jiroce- 
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cluves; Group I, 102 patients received no sulfonamides; Group 11, 40 patients 
received sulfanilamide locally; Group III, 30 patients received sulfathiazole lo- 
cally; and Group IV, 102 patients received succinylsulfathiazole orally for three 
days preoporatively (none in the distal segment) and sulfathiazoic locally. 


TABiiC 1. CojiU’AiJATivK MoiunDiTY FoiAOWiNo CsosL'iir. or Coi-osic Stomata as 
INFJ.UKNOKO BY SUI-VOKAMIUE THEUAI'Y 


GROUP 

IMMKDIATn OPEIlATIVi: BESOlyrS 

1 (IK PEU CEKT) 

WOUXD INFKCTIOX | 

FECAL BP.AIKAGE 

UEALEl) IX 

1-t BAYS 

1 

SI 

30 

s 

11 

17 

25 

10 

III 

03 

17 

20 

IV 

13 

2 

80 


Table I shows the occurrenee of woimd infection in 84 per cent of cases 
in which no sulfonamides were used as compared to 80 per cent healed wounds 
by the fourteenth postopei’ative day after preoperative administration of sue- 
eiuAdsuIfathiazole and local implantation of sulfathiazole. The use of sulfa- 
nilamide and sulfathiazole locally gave but slightly better results than the un- 
treated controls. 

Keene^®' has prepared some fifty patients with war injuries to the colon 
by the administration of sulfasuxidine for eight days. The proxiu\al and dis- 
tal segments of bowel are irrigated with 1 .-4000 potassium permanganate on the 
morning of the operation ; 4 Gin. of sulfanilamide were placed in the peritoneal 
cavity and 2 Gm. in the abdominal wound, and the skin left open for forty- 
eight hours. Primaiy union of boAvel occurred in 100 per cent of the eases. 

One should always emphasize that sulfasuxidine and snlfathalidine are prop- 
erly used only as aids in colonic surgery and should not in the slightest degree 
encourage a breakdown in proved surgical principles. So-called aseptic proce- 
dures should be used whenever possible, but, when necessary, an open anas- 
tomosis can be done with a much gveater degree of safety. With the proper 
alteration of the bacterial flora, the preservation of blood supply by the avoid- 
ance of tension and the proper placement of fine sirtures becomes ranch move 
important than chance soiling of tissues by the modified contents of the bowel. 


coNcimsioNS 

The evidence Avhich has accumulated over the past four years indicates that 
snccinylsnlfatlnazole aiid phthalylsnlfathiazole, when given in adet^nate doses 
are bacteriostatic agents which will produce a significant modification of the 
bacterial flora of the bowel and that their proper administration will help to 
give a satisfactory mechanical prepai-ation of tlie bowel preceding surgical 
operations while the patient is maintained on an adequate protein Ind carbo- 
hydrate diet. The postoperative morbidity studies indicate that these drugs, 
when properly used in the preoperative and postopei-ative surgical periods, %vill 
act as aids, contribute to a lowering of the operative mortalitjq and make an 
occasional procedure possible which might otherwise not be feasible. 


1\KFJERE,XC ES 








780 


SURGERY 


3. Welch, A. D., IMattis, P. A., and Latven, A. I?.: A Toxicological Study of Succinyl- 
sulfathiazole, .1. Pharmacol. & Exper. Thcrap. 75: 231, 1912. 

1. Poth, E. J., and Knotts, E. L.: Clinical Esc of Succinvlsulfathiazole, Arch. Sure. 44: 
20S, 1942. * 

5. Sarnoff, S., and Poth, E. .T. : Intestinal Obstruction; T. The Protective Action of 

Succinj-Isulfathiazole Pollmving Simple A^enous Occlusion, Sl-rgery 16: 927, 1914. 

6. Bloomfield, A. L., and Lew, W.: Prevention by Succinyl Sulfathiazolc of Ulcerative 

Cccitis in Eats, Proc. Soc. Exper,. Biol. & Sled. 51: 2S-29, 1942. 

I. Poth, E. J.: Succinylsulfathiazole; An Adjuvant in SureerA' of the Larco Boaa'cI, 
J. A. Sr. A. 120: 2G5, 1942. 

8. Poth, E. .T., Chenoweth, B. M., and Knolt.s, P. L.: A Preliminary Eeport on the 

Treatment of Bacillary Dysentcrv AVith Succinvlsulfathiazolc, J. Lab. & Clin. Med. 
28: 162, 1942. ' 

9. Piror, AV. M.: Intestinal Antisepsis AVith Sulfonamides, Ann. Surg. 115: S29, 1942. 

10. Poth, E. ,T. : The Use of Succinjdsulfathiazolc and Phthalvlsulfathiazolc as Intestinal 

Antiseptics, Texas State J. Med. 39: 369, 1943. 

11. Allen, A. AY.: Carcinoma of the Colon, SuncEP.Y 14: 350, 1943. 

12. Hardy, A. A’., Bums, A\'’., and Be Capito. T.: Cultural Obsen-ations on the Relative 

Efficac}' of Sulfonamides in Shigella Dv-'cnteriac Infections, Pub. Health Eep. 58: 
6S9, 1943. . 

13. Zintcl, H., Lockwood, ,T. S., and Snj'dcr, J. : Bacteriological Considerations in Sulfonamide 

Propliylaxis Against Peritonitis, Bull, Am. Coll. Surgeons 28: 51, 1943. 

14. Archer, H. L. : Preparation for Colonic Surgery AATth Succinyl Sulfathiazole and 

Dietary Modification.*:, Bull. Am. Coll, Surgeons 28: 51, 1943. 

15. Behrend, M. : Succinylsulfathi.azole (Sulfasuxidine) and the Elimination of the 

Mikulicz Operation, S. Clin. Kortli America 24: 238, 1944. 

16. Archer, H. L., and Lehman, E. P.: Clinical and Laboratory' Experience With Succinyl- 

sulfathiazole, Ann. Surg. 119: 51S-525, 1944. 

17. Di.xon, C. P., and Benson, E. E.: Closure of Colonic Stoma: Improved Eesults AVith 

Combined Succinylsulfathiazole and Sulfathiazole Therapy, Ann. Surg. 120: 562-571, 
1944. 


IS. 

19. 

20 . 

21 . 

22 . 

23. 

24. 

25. 

26. 
27. 


Keene, C. H.: Eeconstruefion of Wounds of the Colon, Surg.^ Gyncc. iS- Obst. 79: 
544-551, 1944. 

Bargen, J. A.: Annual Eeport on Intestinal Diseases for 1943, Proc. Staff Meet,, Mayo 
Clin. 19: 602-60.5, 1944. 

Pemberton, J. deJ., Di.xon, C. P., AVaugh, J. M., and Black, B. M.: Annual Eeport of 
Surgery of the Largo Intestine for 1943, Proc. Staff Meet., Mayo Clin. 19: 605-612, 
1944. 

Poth, E. J,, and Eoss, C. A.: Phthalylsulfalhiazole, a New Bacteriostatic Agent, Pedera- 
tion Proc. 2: 89, 1943. 

Poth E. J., and Eoss, C. A.: Bacteriostatic Properiles of Sulfanilamide and Some o± 
’its Derivatives; II. Phthalylsulfathiazole, A New Chemotherapeutic Agent Locally 
Active in the Gastrointestinal Tract, Texas Eep. Biol. & Med. 1: 345-370, 1943. 

Poth, E. J., and Eoss, C. A.: The Clinical Use of Phthalylsulfathiazole, J. Lab. and 
Clin. Med. 29: 785-SOS, 1944. ‘ . , 

Mattis, P. A., Benson, AV. M., and Koclle, E. S.: To.vicological Studies of Phthalyl- 
sulfathiazole, J. p’harmacol. & Exper. Thcrap. 81: 110, 1044. 

Johnson, S. A. if.: Acute Agranulocytosis Due to Administration of Succinylsulfa- 
thiazole,* J. A. M. A. 122: 668, 1943. 

Poth, E. J., and Johnson, S. A. M. ; Correspondence in Regard to Granulocytopenia After 
Use 01 Succinylsulfathiazole, J, A. jM. A, 123: 112, 1943. 

Clay, E. C., and Pickrell, K. L.: Toxic Reactions to Succinylsulfathiazole, J. A. M. A. 


123: 203-204, 1943. 

28. Bargen, J. A.: Personal Communication. 

29. Crohn, B. B.: The Clinical Use of Succinyl Sulfathiazole (Sulfasuxidine), Gastro- 

enterology 1: 140, 1943. 

30. Allen, A. W.: 'Personal Communication. 

31. Wangensteen, O. H.: Primary Resection (Closed Anastomosis) of the Colon and Recto- 

sigmoid, Surgery 14: 403, 1943. 

32. Poth, E. J., and Fernandez, E. B.: Experimental Studies of the A’’alue of Sulfathiazole 

in Peritonitis, SURGERY 13: 847-858, 1943. 

33. Keene, 0. H.: Personal Communication. 



ELECTIVE OCCLUSION AND EXCISION OP THE FOETAL VEIN 

An Experimental Study"^ 
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(From the Bepartmcixt of Siirpery, The University of Chicago) 


A PATIENT was subjected to laparotomy for excision of a carcinoma of the 
neck of the pancreas. The posterior aspect of tlie tumor liad infiltrated 
the first portion of the portal vein but this was not appreciated until the vein 
was aceidentalty opened. Copious hemorrhage ensued and when finaUy con- 
trolled, the clamped and transected portal vein was separated from the clamped 
and transected superior mesenteric A'ein by about 4 cm. distance. Attempts to 
approximate these vessels for anastomosis failed, as the tension ivas too great 
and the imssel Avails tore easily. The portal and superior mesenteric A'cins Avere 
ligated. A panei’eatoduodeneetomy was perfoi’med. The patient’s condition 
Avas not satisfaetoi'y and the pi’ocedure rapidly terminated by gastrojejunostomy 
and insertion of a catheter into the transected common duet and its ligation in 
place; the abdominal Avound Avas closed Avith the catheter brought out through 
it. The panereatoduodeneetomy Avas not properly completed because it Avas 
felt that the patient Avould succumb in a fcAv hours as a result of the portal 
ligation. Instead, her condition improved after operation and for scA'ex’al days 
it appeared as though she might survive. On the eighth postoperative day 
clinical signs of peritonitis developed and she died on the tenth postoperative 
day. Necropsy revealed bile peritonitis that resulted from leakage about the 
catheter in the common duct. There v’as no evidence of vascular disturbances 
due to portal vein transection. There were venous anastomoses at the root of 
the mesentery betAveen mesenteric veins and radicals entering the inferior vena 
cava; there were also anastomoses betAA'een portal and eaval circulations in the 
spaces of Eetzius. TAventy yeai’s previously thex’e had been a pelvic operatioix 
through a Ioav midline incision and the greater omentum Avas extensively adherent 
to the loAA'er antex-ior abdominal AAmll; the adhesions Avere imry vascular. This 
Avas also an anastomosis betAveen portal and caval venous systems. (Details 
previously published [BrunsehAAdg]). 

There are not a fcAV instances on record of occluding thrombosis of the 
portal vein Avhich AAms gradual enough to permit of the development of collateral 
anastomoses and under Avhich conditions continued existence Avas possible. 

These facts raised the question of deAUsing a technique for gradual occlusion 
of the portal vein that Avonld permit of the development of collateral circulation 
ixi relatively short time so that excision of the portal and terminal segments of 
superior mesenteric A'ein might he carried out with survival. 

A review of the literature reA'eals that Ore, in 1856, Avas the first to demon- 
strate the feasibility of gradual occlusion of the poi*tal A'cin in dogs. This AAurk 
was carried out before the advent of asepsis. The abdomen Avas opened through 
an obli que incision parallel to the right costal margin, the portal vein isolated, 
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a l])rcad passed l)enoat]i it, llic wound closed, iwd the IVvo long ends of the 
tlircad tied over tlie animal's back. On the fomih day. one thread was cut and 
the remaining- one pulled out. The infhwunatory reaction induced by the pres- 
ence of the thread about the portal vein induced a gradual thrombosis in the 
latter whieli was not too sudden or complete to cause death. Two animals sur- 
vived for periods sufficiently long (eleven and twenty days) to demonstrate that 
the eollatei-al venous anastomoses had developed. 

Solon ieff, in JS7f>, demonstrated that if pi’climinary ligations of the su])erior 
me.senteric, then gastrosj)lenic vein, were carried out at five- to six-day intervals, 
the portal vein could be ligated with survival of the animal. Ore’s observations 
were confirmed by Bernard in his published lectures on diabetes in 1877. Til- 
mann, in 1899, demonstrated that if the portal vein is stenosed to one-half its 
diameter Ip a ligature, at a second oi)eralion eight days later the vein could be 
completely occluded with survival. Ito and Omi, in 1902, carried out some 
thirty experiments on stage ligation and al.so preliminary ligations of large 
tributaries to the portal vein prior to its complete occlusion. In some instances 
omentopexy was also perfoimcd but the significance of this was questioned. 
Neuhof, in 1.913, reported experiments in dogs in which the portal was grad- 
uall.v occluded during three-stage ligature compre.ssions over a period of fourteen 
da.vs. He also demonstrated that ])rcliminary ligation of large tiibutaries would 
finall.v permit of total occlusion of the portal vein witli survival. There appears 
to have been no further ro])or(s of such experiments until 1931, when Dragstedt 
again reported successful occlusion of the portal in various species of animals 
by a two-stage procedure. 

It has long been known that dogs survive jnfmaiy com])lete portal ligation 
for only one-half to two and one-half bom's. Hlman and Cole pointed out, in 
1934, that the clinical picture was that of progrc.ssive and profound shock be- 
cause of the accumulation of blood in the occluded ])ortal vejious .s.vstera with 
resulting mai'ked reduction in circulating blood volume. 

EXPERIIIEKTAI. 

A. Omc-niopexy in- the dog docs not afford s^(fficrcnt collateral venous anas- 
tomoses to permit of survival after subsequent complete portal ligation. In four 
dogs, laparotomy was performed through a midline incision, splenectomy was 
performed, anterior parietal peritoneum was incised on each side, and large 
masses of omentum were tucked through these openings into the abdominal wall 
and apposed to the musculature interrupted sutures. Tlie abdomen was then 
closed. Twenty to thirty-four da.vs later laparotomy was again pci'formed and 
tlie portal vein ligated. Survivals varied from one to two and one-half hours. 
Necropsies revealed severe venous congestion in the portal system and marked 
cyanosis of the bowels. The omental adhesions to the abdominal waU were pre- 
dominantly fibrous with little vascularitj'. This is in contrast to man, where such 
omental adhesions are usually quite vascular. The results are summarized in 
Table I. 

Table I. Omentopexy, Then Liga-hon, of Portal Vein 


DOG 

TIME AFTER OMEXTQPEXY 
PORTAL VEJK LIGATED 

SURVIVAL AFTER 

PORTAL LIGATIOX 

823 

Soo 

85G 

s.-ia 

20 tiays 

SO days 

31 days 

2 opeiations, the second more 
extensive, performed 3 weeks 
after first; portal ligation 13 
days later 

2t- hours 

114 hours 

2(4 hours 

1 hour 10 minutes 
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B, The liortal vein via;/ he successfully divided and occluded hy a (tan- 
section ligature’’ (Table 11). Dogs we sub.iccled to lapnvolomy, a linen 
thread passed about the portal vein proximal to entrance of the gasirosplenic 
vein, the long ends brought out of the wound and tied over the hack. On the 
fourth postoperative day the threads were pulled upon for a brief jicriod. 
This was repeated each day subsequently. On the eighth to twelfth day i)Osl- 
operatively the intact loop was pulled out, thus indicating that it passed through 
tlie portal. Division of the vessel with occlusion of it did not always obtain. In 
some eases the lumen persisted (or reformed) hut there was stenosis at the 
transection site (Fig. 1). A period of about ten days (with some variation) 
seems to be adequate for the development of venous collateral circulation to per- 
mit of survival with occluded portal vein (Fig. 2). 



fiB- 1— Scheniatic representation of lisrature transection of portal %em. A, Ligatuie 
passed about portal ^eln, not tied. B, Compression of vein bj tugging upon ligature. Even- 
tual y ligature tianscots portal lein, lumen may persist or lapidly re-form iC), or theie 
is cioatriciali obliteration of tlie \essel (J3) 


Fig. 2 — Photograph of occluded portal lein necropsy specimen fiom Dog 42 i, Tci- 
minal portion of supenor mesenteric \em, g, teimination of gastrosplenio vein S, Site of 
u-anseetion UgtUure where portal v ein has been dmded and is here represented as a solid 
fibrous cord P, Terminal portion of portal vein, fip, right branch, LP, left branch 


The high incidence of peritonitis encountered maj- be ascribed to liie con- 
tamination of the peritoneal cavity through the sinus persisting for several days 
by virtue of tlie ligatures aliout tlie portal vein, which ligatures passed back- 
vai'd and forward through the lapai'olomy wound.s as Ihc animals moved about 
their cages, and also were pulled up and allowed to rehix intentionally at inter- 
vals in the eoiu-se of bringing about transections of the portal vein. 
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Table II. Occlu.sions of Pokt.vl Vein bv I’ltAN.sixrrio.v Lioatuke 


LOOPED LIQATUKE ABOUI 
POETAL VEIN PUIA.ED 
OUT OF WOUND; TI.\!E 
AFTER OPERATION 


RESULT 


Pup. Ligature not pullecl out 

220 Ligature not piillctl out 

992 Ligature not pulled out 
992 B Ligature not pulled out 


11 

10th day 

Buz. 

11th day 

Wag. 

5t!i day 

43 

lltli daj' 

42 

Sth day 

27 

10th day 

922 

9tii day 

952 

12tli day 

393 

10th day 


Died 9th day, P.O. of peritonitis; ligature in place, portal 
vein obliterated bj’ old clot 

Died 11th day P.O. of peritonitis; ligature had transected 
]>oita! vein, portal vein occluded (old) 

Died Stli day of peritonitis; portal vein occluded 
Died 9th daj’; ligature had partially cut through portal vein, 
.small channel still present 

Lived 2 days, died of peritonitis; portal vein transected and 
occluded 

Lived 13 day.s, died of peritonitis; portal vein transected 
and occluded 

Killed 31 days later; portal vein patent, transverse rugae at 
site of ligature transection 

Kilted 42 day.s later; portal vein occluded, ends separated 
Killed 41 days later; portal vein occluded, ends separated 
Killed 30 days later; portal vein constricted but not occluded 
Killed 10 days later; portal vein occluded, ends separated 
Killed 30 days later; portal vein patent with transverse rugae 
at site of ligature 

Killed 27 days later; portal vein obliterated 


Four does (lig-aturo not pulled out), portal vein occluded In three Instance.?, 

Six dogs, portal vein transected, ends of vein separated (complete occlusion) with .sur- 


Three dogs, portal vein constricted, but patent at site of ligature transection, with sur- 
vival. 



Pig. 3.— Photograph of necropsy of Dog 230, thirteen days after e.xcision of portal vein. 
Condition prior to necropsy was normal. JL, Termination of superior ..vcm • «> 

of portal vein now completely cicatrized ; JiP, and DP, right and left branches of portal \ e , 
respectively. 
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C. After ligakire iranscctimi of the ‘portal vein, a second laparotomy may 
he performed for excision of a segment of portal vein (Fig 3). Survival is 
possible because of the collateral venous anastomoses that developed at the time 
of gradual portal vein occlusion (or stenosis) by tlie transection ligature 
(Table III). 


Table III. Occlusion, Then Excision, of Pobtal Vf.in 


TIME AFTER LIGATURE rULI.KD OUT 

DOC, RESECTION OP PORTAL VEIN IVAS RESULT 

PERFORMED 


223 

ord day 

Bived 3 days; died of general peritonitis 

230 

14 days 

Killed 13 days after constricted portal vein 
wa.s resected; absence of jiortal vein con- 
firmed 

231 

10 days 

Biving: condition normal 7V2 months after 
operation 

393 

10 days 

Biving; condition normal 4 niontlis after oper- 
ation 


The fatalit 3 ’’ in Dog 223 from general peritonitis was possibly due to tlie 
fact that resection of the portal vein was carried out only three days after 
the looped ligature had heeu pulled out of the abdomen. In the two animals 
still surviving there is no evidence of ascites; the subcutaneous veins on the 
abdominal wall are onty slightly dilated, and the animals appear to be in good 
condition. 

SUMMARY 

A two-stage procedure is described in dogs for the elective resection of 
the portal vein. At the first operation a linen ligature is passed about the 
vein, not tied, and long ends brought out of the laparotomj^ wound to be tied 
over the animal’s back. During each of the sueceeding days the ligature is 
pulled tightly for several seconds; eventually it is pulled out of the wound 
intact, indicating that it has transected the vein. The latter is thus completely 
divided or is stenosed at the transection site. During the period of constriction 
and transection, a collateral portal circulation develops. At the second lapa- 
rotom}^ the stenosed or obliterated segment of portal vein may be excised with- 
out Untoward effects since the collateral circulation has alreadj’^ developed. 
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BLAST INJURY OF TUB LUNfJ 

PoHsinuc Exi’iiAXATiOK OK JIkchanism in FATAti Cases 
— An Experimental Study® 

Leffie Carlton, Jr., M.D., Richard A. Rasmussk.v, JI.D., and 
W. E. Adams, IM.D., Chicago, Ili.. 

(From Ihv Department of Furgery of the University of Chicago) 

T IIE problem of blast injurie-s, including involvement of the lung, Avliicb has 
been emi)liasized during the jirc.sent Avorld-wide conflict, first aroused con- 
siderable interest in llie medical profc.ssion at 1])e beginning of Die recent Spani.sh 
Civil Y ar. However, the oeeurrenec of lung injuries with an intact thorax was 
described as early as 1761 by ■\rorgagni.’ Again during AVorld AVar I fatal 
casualties witli no evidence of external injiHT were found on the battlefield. In 
the few jjost-mortem examinations that Averc made on these bodies, interest was 
centered in the petechial hemorrhage.s' found in Die brain and spinal cord. IIoav- 
ever, in work on rabbits subjected to an explosion, Crile^ noted hemorrhages 
produced bilaterally in the lungs, ilairet and Durante^ also obsen'cd pulmonary 
and nervous tissue lesions produced in dogs. In 1924 HookcC found, while 
Avorking on experimental shock produced by TNT and gun blasts, that bruises 
and occasional rujiture of the lungs were the only gross post-mortem lesions 
found in his animals. Interest thus cla))sed until the Spanish Civil AYar, when 
blast injuries became common and were the subject of articles by Haldane® and 
Kretzehmor.® Active inve.stigation of this problem started during the indiscrim- 
inate bombing of cities during Y^'orld AYar II. 

NATURE OF BLA.ST 

The term “blast” ma.r be dii-idcd into tu’o components; compression Avave 
and subsequent suction Avave Avhich are set up by the detonation of high explo- 
sives. At a point in the region of the explosion there occurs firet a momentary 
AA'aA’e of high pressure (about .006 second for a seventy-pound charge) Avhich is 
then folloAAmd by a negatiA’e “suction” AA’aA-e due to the positiA'e compression 
Avave I’educing the density of the air behind it to beloAv normal atmospheric 
pressure. The suction component is like the pressure component of the blast 
Avave in that it lasts for a fraction of a second. HoAvcAmr, it is a far longer 
period than the compression AvaAm (0.03 second for a seA-enty-pound charge). 
The pi'essure component of the Avave is by far the strongest component of the 
blast. Thus, fifteen feet from a 125 pound charge, the hydrostatic pressure may 
be approxiraatelj^ 200 pounds per square inch. lYliereas the suction component 
is much Aveakei’, and in no ease can it be greater than 125 pounds per square 
inch, since this corresponds to a complete A'acuum (Zuckerman).' 

THEORIES REG-YRDING THE EFFECT OF BL.AST OX ANIMALS AND HUMAN BEINGS 

Zuckerman, working on the effect of blast on animals, revieAA'ed the three 
foIloAving theories used to explain the production of injuries, and rejected the 

This paper was to have been presented at the meeting of the Society of University Sur- 
eeons. New Tork, N. AT., Feb. 8, 1945. (Meeting canceled.) 

,, ‘Tins work was supported in part by a grant from the Douglas Smith Foundation for 
jnedieal Research of Tlie University of Chicago. 
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fii>st two. First, the lesions arc cine to the lowering of alveolar ])reHsurc by the 
suction waves, acting through the respiratory passages, with the consequent rup- 
ture of alveolar capillaries (suggested by Logan in 1939).'* Second, the sudden 
distention of the lung with air through the tracliea causes a rupture of tlic lung 
tissue. Third, the injury is caused by a pressure wave on tlie clicst wall. The 
latter mechanism is advocated by Hooker and Zuckerman. Hooker’s view was 
that it is wholly improbable that lowered pressure could distend the lung sut- 
fieicntly to cause rupture. The work of Zuckerman and his associates in 1940 
to 1942 shows good evidence that the bust theory mo.st likely explained the cause 
of injury to the lungs, this being based on the following : 

1. “When animals are exposed sideways and clo.se to a small explosion, the 
lesions are unilateral, and on the side facing the explosion. AVhen ])laced farther 
from the charge the lesions are bilateral. Presumably shielding occurs close to 
the explosion. 

2. “The dispo.sition of lesions in the part of the lung relating to the costo- 
mediastinal and phrenicocostal sinuses suggests that they arc due to external 
‘blows.’ 

3. “Lesions occur in abdominal and other organs as well as in the lungs. 

4. “Animals exposed to low blast pressures close to a small explosion with 
their trunks clothed in thick sponge rubber suffer less severely than conti’ol 
animals. Others exposed near the explosion with only one side of the trunk 
covered in rubber and with the covered side facing the explosion suffer no in- 
jury or only very slight injury to tlie lungs. When exposed with tlie uncovered 
side to the explosion they suffer severe damage to the lung of that side, and less 
severe damage to the lung of the opposite side.’’ 

5. Babbits in both wooden boxes and steel cylinders through which only 
their heads projected were exposed head-on very close to a big charge. Only 
those in wooden boxes where the box collapsed showed evidence of pulmonary 
damage. 

PATHOLOGIC FINDINGS 

In animals subjected to a depth charge (blast) the most important struc- 
tural changes were found in the respiratory system. Williams® used a total of 
twenty-one animals which were .subjected to a depth charge (320 pounds of 
TNT) suspended at forty-eight feet in water to a depth of ninety feet. These 
animals were distributed from a point directly over the depth chax’ge to as far 
as 300 yards aivay. Some animals had the chest protected with rubber, while 
in others the abdomen was protected. He found that greater hemorrhages 
occurred in the chest in animals with the chest protected and the abdomen un- 
protected than was the ease when the reverse was true. Eleven of the thirteen 
animals located within a radius of forty yards of the depth charge were killed 
immediately. Ten of the eleven had acute interstitial emphysema and three had 
pneumothorax. All thirteen animals showed pulmonary hemorrliages (five severe, 
five moderate, three slight). Cameron and his associates’® thus reported that 
severe hemorrhages may occur without immediate death, whereas other animals 
may be killed at once and not show marked pulmonary lesions. Tlie areas most 
commonly affected by the blast are the anterior borders of the lungs which be- 
come pressed between the ribs of the chest wall and the mediastinum, and the 
inferior borders which become compressed in the costophrenic sinus (Zucker- 
man). Two other common sites are the costal surfaces and mediastinal areas. 
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Zuckerman stales tiial the axygos lobe wliieli passes fi'om the root of Ihc right 
lung across llie inidline beliind the heart is commonly involved. Of Zuckerman ’s 
animals which died, none revealed evidence of external injuries. Tlie pre- 
dominant lesion was bilateral traumatic hemorrhages in both lungs, varying in 
degree according to the distance of the animal fj'om the cxplo-sion. 

*Ai icitoscopjcA nn v 

Tlie lesser degree of damage a])])earcd as small zones in whicli alveoli and 
terminal air passages were filled with blood. The walls of the alveoli were 
often torn and hemorrhages arose from the cai)inaries of the alveolar walls. In 
.severe damage, larger areas were involved. The cause of death could not be 
determined from this study. 

Hadfield and associatc.s’^ stated that microscopic sections made from human 
auto})sies revealed ehanges similar to tho.se ]n’oduced by Zuckerman in dogs. 
These consi.s1cd of hemorj-liagcs into alveoli, acute vesicular and intci-stitial 
emphysema, and subpleural bullae. One patient had both mediastinal and sub- 
cutaneous (neck) cmpliysema. Two had })ericardial emphysema. He stated 
that of the ten patients considered to have died from blast injury, the pathologic 
findings were not severe enough to explain tlie cause of death. 

Wilson’- and others described c.ssentially tlie same mieroseopic picture in 
blast cases as that reported by Hadfield. 

In some recent experiments on the production of emphysema by overdis- 
tention of the lung with increased intrabronchial pre.ssurc it was noted by 
07 ie of us (R.A.li.) that if tlie dogs coughed and thus increased the pre.ssure, 
they suddenly died. At autopsies it was noted that air emboli were present in 
the coronary vessels. This finding stimulated the following investigation. 

EXl’ERIMEN'TAL ItETHODS AXO PR0CJ2DURE.S 

Eighteen mongrel dogs wei’c subjected to an increased intrabronchial pres- 
sure. The dogs wei’e divided into two groups: The fii’st gi’oup of eight dogs 
was subjected to pressures of from 35 to 50 mm. of mercury for a period of a 
few seconds to fifteen minutes. The second group of ten animals was subjected 
to a “blast” varying from 70 to 110 mm. of mercury. Of the group, two 
animals received a blast of 120 and 240 mm. of mercury, respectively. 

Apparatus. — The apparatus used for Group 1 consisted of a modified wind- 
shield wiper which was attached to an air jet. The A^dper Avas so built that the 
length of the inspiratory peidod, pressure under AA'hich the air AA^as delivered, 
and rate per minute could be easily adjusted (Easmussen and Adams’®). A 
lai’ge rubber tube led from the apparatus to the loAver trachea. Inside this tube 
Avas a smaller rubber tube connecting a mercury manometer Avith the loAver 
trachea. This double rubber tubing Avas then passed through a tight-fitting 
face ma.sk (and an airAvaj') and doAra the trachea to a point just above the 
eai'ina. On this mask Avas an outlet for adjusting intratx-acheal pressure. 

The apparatus used for Group 2 consisted of the same double nibber tubing, 
airAvay and face mask, but instead of the Aviper apparatus the source of air 
pressure Avas connected directlj* to the large tube. The merciuy manometer 
served also as a check Amlvc for regulating the amount of intratracheal pressure. 

The experiment Avas carried out as folloAVS: A dog aa^s given an injection 
of 10 e.e. of moiTAbine sulfate (0.15 Gm.) subcutaneouslj' fifteen to thirty min- 
Aites before the animal Avas exposed to the over'inflation or “blast.” The animal 
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was then placed in a supine position on the tabic and a towel was wrapped 
snngly about its abdomen. Under direct vision tlic air tul)c was introduced into 
the trachea and a face mask was applied. In Group 1 the air was then turned 
on at a pressui’e of between 35 to 50 mm. of mercury and delivered at 28 ejeles 
per minute. In Group 2 the dogs were subjected to idasts of air varying from 
70 to 110 mm. of mercury (one dog, 120; one dog, 240), 



Fig. 1. Fig. 2. 

Fig. 1 (Dog 9S) — Photograph of autopsied specimen of dog foUoMing three "blasts" 
of intratraclieal air at SO mm Hg pressure for tno to three seconds. The heart and superior 
mediastinum seen in the center of the picture are almost entered tvith blebs of air. This ani- 
mal also had coronaiT air embolism, intrapulmonarj- hemorrhage, and pneumothora-r. 

Fig. 2 (Dog 966) — Photograph of autopsied specimen of dog follotting a single intra- 
tracheal blast of air at 240 mm Hg pie^suie for two to tiuee seconds The coronarj' artenes 
contain many air bubbles 


RESULTS 

In Group 1 the dogs u ere subjected to overinfiation during which coughing 
occurred and thus raised the intrabronchial pressure After an episode of 
coughing the animals died in a few seconds (see Table I), Animals in Group 2 
uero subjected to blast using apparatus 2. Follouiiig the blast these animals 
died within a few seconds to three minutes (see Table II). 

Post-Mortem Observations . — 

Group i, eight dogs— gross findings: All of the eight animals had medi- 
astinal and interstitial emphysema, while four had subcutaneous emphysema 
and hemorrhages into the lungs. Three of the dogs had developed a pneumo- 
tliorax and exhibited air in the pulmonaiy arteiy, vein, venae cavae, and right 
auricle. Small bullae vere found over the lung in one, and coronarij air embolism 
uas present in seven, instance.s. 
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Taulk I. I?K.sui/rs ^OLLO^VI^'(i 3?npKATKi) I.\tuati:achkai. Blasts of Aiit of a K.vowx 
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SUKGEKY 


Group 2, ten- dogs—rjroas findings: All ten animals had dcvelo])cd medias- 
tinal and interstitial emphysema, of \sinch seven had snheutaneous emjdij'sema. 
Nine had hilaloral pneumolhorax, while eight showed pulmonary hemorrhages 
and coronai'g air embolism. One of the dogs developed air in the large vessels 
(vena cava and right auricle), one had a dilated stomach, and two presented 
bullae over the lung. 

l\Iieroscopie section.s revealed inlrapulmonaiy hemorrhages and interstitial 
emphysema, the latter especially marked along the bronehovaseular roots. 

From thc.se findings the cau.se of death in all animals was attributed to 
coronary air cmboli.sm and pne\unothorax. In Giwip 1, seven of the dogs had 
air embolism, wliercas three had a })neumothoi‘ax. In Group 2, coronarj'' air 
embolism was ])resont in eight inslanees and a jincumothorax in nine. The 
autop.sy material presented a picture similar to that reported in patients dying 
immediately from a blast injury in which the cause of death was unexplained. 

MSCUSSIOX 

According to Wilson thoi-c have been four main theories advanced for the 
cause of death due to blast. (1) Death due to pulmonai-y hemoiThage and inter- 
ference with the respiratoiy function. Examinations show that this might be 
true in some blast cases. Tlic lung injury, however, is usuallj' not sufficient to 
cause death. (2) Cerebral cause of death. Tlie lesions found in the brain in 
tliose patients dying immediately or soon thereafter ai’e very indefinite, (3) 
Death due to blast may be cardiac in origin. Wilson has stressed the importance 
of injury to the heart, and that ventricular fibrillation may occur and account 
for death in some eases. (4) Air embolism may be a possible cause of death, 

Zuckerman states that tliose animals which are immediately killed •ftuthout 
sign of external injury probably die of an undefined entity known as "primary 
shock,*’ resulting from extensive visceral lesions. From reports it is obvious 
that some patients die of pneumothorax following the blast; however, another 
group shoAvs very little to account for death. It seems possible to us that death 
in this latter group might be due to coronary air embolism. In our animal ex- 
periments a very careful search Avas frequently necessary in order to detect 
air in the coronary vessels. Tliis suggests that the finding could be easily over- 
looked. 

In experimental Avork, Mackliu” has demonstrated the coui’se taken by the 
air and gases in the production of mediastinal emphysema and other complica- 
tions from overdistention of the lungs by increased intratracheal pressure. He 
believes, as do others, that air breaks through the terminal ah’-eoli and follows 
the course of the vessels in the paraA'ascular sheath of the lungs to the medi- 
astinum and thus into the neck and subcutaneous tissue. Prom these ruptured 
alveoli it is easy to explain hoAv air can go into the capillaries of the lung, thus 
forming numerous fistulas. By this means air may pass into the left auricle, 
ventricle, and the coronary arteries. At times air Avas also found in the pul- 
monary artery and right heart. This A\'as probably due to the backing of air 
into these vessels from the lung. Since the pressure in the pulmonary circula- 
tion is onl.y 20 to 40 mm. of mercury, air could easily be forced back through 
the pulmonary artery. 

Upon reviewing the literature a report of experiments by Joannides and 
Tsoulos Avas found. The effects of increased intratracheal pressure obserr^ed 
by these authors Avere similar to those described. 
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SUMMARY 

The cause of deatli following inci'cascd inlrabrouchial ])ressui’c produced 
by single or multiple blasts of air in eighteen dogs was coronary air embolism 
in fifteen, wdlh pneumothorax as a contributory factor in eight. Pneumothorax 
appeared to be the sole cause of death in the remaining three. Other gross find- 
ings noted in these animals were similar to those re])ortcd in human beings 
following blast injury. In some patients dying immediately following a blast 
injury the cause of death has not been adequately cx])lained. Coronary air 
embolism may be very easily overlooked and might well be the cause of death 
in some cases of blast injuries. 
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METABOLIC ALTERATIONS FOLLOWING THERMAL BURNS 

IV. Thk 1'jFI’kct of Tiu;atmkn't W'itii Wiiook Blood and ax 1?u;ctkolytk 
Solution' or With Pi.as.ma Following ax Exferlmfxtal Burn'' 


William B. Arrott, iM.D., Frieda L. JIevek, Pii.D., Jorix W. Hirshfeld, M.B., 
AXD Grace E. Griffin*, j\LA., Hin’RoiT, Micii. 

(Fiom ilic Drjxirtinrni of Sur/ivni. Jl'ni/no Vnivmtih/ Cnllrffc of 2l((llclnc and ihr Detroit 

Itccdvhif! tlof-pUal) 


A PPROXDIATELY eight yeans ago pla.snia was linst employed to comljal. 

•siioek re.siilling irom a huriL Since llial time it has ])ecn widely employed 
blit onl.v recently has its value been (luestioned. Rosenthal' demonstrated a better 
.survival rate in Inirned mice which received a phj'siologic solution of .sodium 
chloride by mouth tiian in mice with a similar burn given serum intravenously. 
Fox- advocated the use of a .sodium lactate solution orally, and di.scu.s.scd some 
of the inadequacies of jilasma. Itlore recently Moyer, Coller, lob, Vaughan, and 
itlarty- have felt that defibrinatcd whole blood and a .sodium chloride-bicarbonate 
solution by mouth proved moi’o effective than pla.sma, or .scrum, in treating 
.severely bunied dogs. The opposite view is held by Wolf and Levinson, ■* who 
have stated “in cases of .shock with definite heinoconcentration (trauma \vith 
minimal hemorrhage, burns), serum or pla.sma is superior to whole lilood tran.s- 
fusions. In hypoproteincmia scrum or plasma is ideal," However, wc have 
noted that in many instances hemoconcentration occurs in burned patients who 
were treated with large and adequate amounts of pla.sma. It i.s true that the 
Idood might have become more eoucoutrated if pla.sma bad not been given ; how- 
ever. hemoeoncentration in tbc burned patients treated with whole blood and 
oral salt .solution simultaneously has not been more severe than in those who were 
treated with plasma, unless the .salt sohilion wa.s temporanly witblield or was ' 
not ab.sorbed. It ha.s also been frequently observed that the pla.sma protein 
concentration decreasest in severe eases in spite of the administration of plasma 
in amounts wliieb (by any of the commonly employed methods of governing this 
type of therapy) have been considered adequate. 

In a previous publication'' the alterations in the plasma volume, hematocrit, 
total circulating plasma protein, and albumin during the convale.scenl phase in 
liunicd animals were pre.scnted. Following tiie completion of this work it 
seemed desiralde to detemine the effect of treatment with plasma or with whole 
blood and a salt solution orallv on these aforementioned blood studies (pla.sma 
volume, hematocrit, red blood cell mass, total circulating plasma protein, and 
alluimin). The studie.s were undertaken in tbc hope of fmiber clarifying the 
metabolism of salt and water in burned animals and to determine whether or not 
the anemia which occurs diu’ing the convalescent phase could be pi'cvented. 


METHODS 

Normal liealtby male dogs who had been given a vermifuge were placed on 
a previoasly deserilied diet® for at least one week prior to the control studies 

Tins paper was to lia\e been pre.sented at the meeting: of the Society of ITniversit} 
Surg<?onR, New York. X. Y-, Feb. 8, 194.5. (Meeting canceled.) 

*The work clesonbeci in this paper was done, in part, under a contract 
<^onimittee on Medical Research, between the Office of Scientific Rcsei^ch and 

Cnjversity. It was supported in part by grants from the Theodore A. aicurau 
^una for Surgical Research and from Frederick Stearns and Company. 
tUnpublished data. 
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and bnvning. I^urins l!\c control and iwstbuvii period the intake of ff)od and 
liquid was measured and the daily output of urine was recorded. J he method 
of producing: a relatively standardixed burn involvinf? 20 ]ier cent of the. body 
has been previously described.'’' This metliod wa.s ajiain employed but in order 
to determine the effeet of a more severe burn, several dogs were studied who 
received deep third degree Inirns involving approximately 40 per cent of their 
body surface area. The animals were given sodium pei\tobarbi1al iiUraveuously 
(0.064 Gm. per five pounds of l)ody weiglit) and tlien wore burned by placing 
them on their side for thirty seconds in a large pan containing water which had 
been heated to 85° C. No furtliei- ane-sthesia or .sedatives rverc employed. The 
temperature of the water fell 2 to 3 degrees during the ])oriod of immersion. 
The method of determining the pla.sma and “availaldc (thiocyanate) fluid” 
volume/"' hematocrit, pla.sma protein, and albumin concentrations and for calcu- 
lating the lilood volume and total eirciilaling plasma protein atul albumin have 
been previously described.’' We are aware of the fact tbat several investigators'’ ® 
have shown that the true blood volume and lienee the red cell ma.ss may not 
be calculated from the plasma volume and the hematocrit, but the relationship 
of the cells to plasma should he fairly constant in these experiments and it was 
felt that because of this the ])or cent change of the red blood cell mass would be 
of some significance. The electrolyte .solutionf which was given orally contained 
the following constituents per liter of distilled water; 6.10 Gm. sodium chloride, 
0.20 Gm. calcium chloride, 0.20 Gm. potassium cliloride, 0.07 Gm. sodium pho.s- 
phate (monobasic), 0.05 Gm. magnesium ehloi'ide, 2.38 Gm. sodium bicarbonate, 
and 2.0 Gm. dextrose. Since it lias been advocated® that an amount of sodium 
chloi'ide-bicarbonate solution equal to 10 per cent of the body weight be given 
during the first twenty-four hours and a quantity equal to 5 per cent of the 
body weight during the second twenty-four hours after burning, this solution 
was employed in a like manner. The animals were transfused with either 
eitrated plasma given slowly and in divided doses so no reactions would be en- 
countered, or with defibrinated whole blood. AVheu plasma ivas given it was 
decided to employ an amount similar to that advocated liy the National Kesearch 
Council, that is, 50 to 100 c.c. of plasma for every per cent of the body surface 
area burned, after adjusting it for the difference in weight between man and 
animal. The following fonnula was employed to calculate the total amount of 
plasma to be administei’ed ; 


Weight of animal 

Weight of adult male (150 lb.) 


X per cent of body burned x 75 c.e. = c.c. of 

plasma to be given. 


AVlien defibrinated whole blood was used, the animal was given an amount equal 
to about 3 per cent of the body weight within two to four liours after burning 
and an amount equal to 2 per cent of the body weight sixteen to twenty hours 
after b\^ming. No therapy, either oral or intravenous, Avas given until one 
and one-half lionrs after the burn. The animals, Avhieh were still anesthetized, 
were thou given one-fourth to one-third of their daily fluid intake by stomach 
tube and shortly thereafter received the initial plasma or defibrinated whole 


•The (Aye. TUSSJ, and Uie 5 per cent sodium thiocyanate solutions employed were kindly 
Unh-crsftj?^' ” ® ® Company, by members of the College of 

tJt rras thought advi.sable to employ, a salt .solution which Irad an electrolyte concen- 
®S'«!lar to that of plasma with the exception that the amount of potassium 
chloride Mas decrea.sed since the plasma potassium concentration is known to Increase foUoiv- 
Ing a burn. Tills solution wa.s kindly prepared for us in sterile ampules by .Sharp & Doliine 
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blood transfusion. Two animals wove transfused M'itli red cells obtained from 
fresh blood drawn from suitable donor dogs. After the blood wa.s centrifuged 
and the plasma removed, the red cells were given immediately without the addi- 
tion of any diluent. 

results 

The food intake of the control animals and of those which received .specific 
shock therapy remained constant both before and after burning in almost every 
instance. However, .soon after burning, all of the animals spontaneously doubled 
or tripled their fluid intake. The urine output wa.s often reduced or normal on 
the first day but subse{iucnlly rose to two or three times the amount excreted 
during the control period and, like the fluid intake, approached normal in about 
fifteen days. The type of therapy employed did not .seem to alter the food and 
fluid intake or the urine excretion in the different groups .studied. 

The alterations in the previously presented series" showed that nontreated 
buiTied animals during the postshoek pliase had a fairly marked and persistent 
elevation in their plasma volumes, increa.ses in the total circulating pla.sma 
proteins, and a moderate anemia. The.sc changes persisted for at least one 
month. 

It was also observed that, after an initial rise, the total circulating plasma 
albumin decreased and that the magnitude of the plasma volume was not de- 
pendent on the plasma protein or albumin concentration. 

In the control animals, four days after burning, the average weight loss 
was 4 per cent below the control level, at nine days it was 10 per cent, at 
thirteen days, 12.5 per cent, and at twent}’' daj's, 15 per cent below the control 
figure. 

The results in the animals treated during tlie shock phase with plasma are 
presented in Table I. The alterations noted in these dogs were not unlike those 
seen in the control animals with the possible exception that the plasma volume 
was slightly higher. Dog 57 first refused food and water on the fifth day, lost 
weight rapidly, and on the ninth day appeared to have distemper. Since 
other animals had been studied which refused food and water, vomited, or 
had diarrhea, it was felt that the response of this dog, while not typical of 
bui’ns alone, was of interest. As in one of the control animals with diarrhea, 
this dog showed a rapid diminution in the body weight and plasma volume. 
By the ninth day, the animal’s condition was so serious that it was saei'ificed. 
Dog 61 showed a marked increase in body weight on the fourth day, which 
was due to retention of water. The increase in body weight was almost equiv- 
alent to the increase in the “available (thiocyanate) fluid” volume. 

The results of treatment with whole blood intravenously and with salt 
solution by mouth are presented in Table II. In these animals the hematocrit 
remained at nonnal levels throughout and the marked decrease in the red blood 
cell mass seen in the control and plasma treated dogs did not occur. The per 
cent change in the red cell mass showed an increase above the control value 
followed by a gradual fall to near normal by the twentieth day. No constant 
findings were noted in the plasma volume determinations in the.se animals and 
the changes which occurred in the total circulating plasma protein and albumin 
were not \mlike the findings encountered in the control animals. Dog 60 and, 
to a lesser degree, Dog 59 showed a marked increase in weight, which was due 
to the accumulation of large amounts of fluid in the burned areas and to a 
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lessor extent in the nonburned areas. These two animals -were apparently ffiven 
too much salt solution. They received aniomits equaling about 2% per cent 
of ibeir body weight on the third and fourth days be.side.s the initial two days 
of therapy. This ineveasc in weight again ean, in a large part, be accounted 
for by the increase in the cxtraeelluar fluid compartment, as sliowi roughly 
by the lliiocyanato determination. In Bog CO, treatment ivas started in the 
usual fashion about one and one-half hours after burning; he received a whole 
blood transfusion (490 c.c.) and a relatively small amount of the electrolyte 
solution by stomach tube. No further tlierajiy was given nor water permitted 
until Bventy hours after the burn. The hematocrit at this time had risen from 
a control value of 53 to 73 and the animal had obviously had insufficient amounts 
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Fig. 1. — Response of the hematocrit in burned patients treated with whole blood or plasma. 


of the salt solution. "When he ivas permitted to drink this solution, even though 
more ivliole blood (330 c.c.) ivas then administered, the hematocrit soon fell to 
the control level. 

In Table III the results are presented on two animals ivhieh after burning 
shelved the usual increase in the plasma volume and fall in the hematocrit and 
in the red cell mass. Following the studies on the eighth day, each animal ivas 
given a fx'csh red cell transfusion every other day for three times, making a 
total^ of 2b5 c.c, of red cells, whicli ivas more than adequate to correct their 
deficit. The plasma was purposely omitted becairse of an already existing 
increase in plasma volume. Approximately sixteen hours after the last trans- 
fusion WM completed, the plasma volumes showed a very slight decrease from 
the previous level and there was marked increase in the red cell mass. Sub- 
sequent studies showed that the anemia recurred quite rapidly and bj- twenty- 
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SURGERY 


two days was as severe as that exlubited ])y tlie iionlrealed control animals in 
twenty days. When the anemia wa.s rccniTin<j, tlic pla.sma volume continued 
to decrease toward the normal value. 

Since tlie healing of the wounds in llic various groups was not signifieaiitly 
altered from the control seric.s and since the numher of animals studied Wi'is 
small, it was not possible to say that any one form of therapy was prefcrahlc 
in regard to healing. 

The hematocrit altei’ations that occurred in eight liuman heings oa'ci* a 
period of twenty days following their burns are prc.senled in Fig. 1 (chart 
and table). The extent of the burn and the type and amount of therapy are 
described. It should be noted that the patients who received plasma showed 
a greater decrease in the hematocrit than the patients who received whole blood 
and a salt solution orally. Patients F. II. and A. T. died on the eighth and 
thirteenth day, I’espectively, following their bums. Tlic pla.sma protein con- 
centration in the eases presented decrca.sed to a greater or le.sser e.xtent, and 
there was no evidence to show that the administration of idasma aided in main- 
taining a normal protein or ali)umin concentration. The hematocrit in patient 
M. I), decreased after twenty-five days. At this time she liad a fairly large 
area of third degree burn which was still not liealcd. Because she had rheri- 
matie heart di.sease and had been deconipen.salcd several limes, she was given 
only 1,500 c.c. of blood (an amount equal to 3 per cent of her body u’eight). 

DISCUSSION 

The most st liking difference in the late effect of the two types of therapy 
pertains to the hematocrit and the circulating red cell mass. Both the untreated 
control animals and those which received plasma exhibited a marked decrease 
in the circulating red cells Avhieh varied from minus 32 to minus 27 per cent 
in the control animals and from minus 13 to minus 32 per cent in the plasma- 
treated group on the ninth day after burning. This fall did not occur in the 
animals which received Avhole blood transfusions. 

The cause of the anemia seen during the convalescence from bums is not 
entirely imderstood, but it does seem apparent that numerous factors play a 
part. Hemolysis of red cells often occurs at the time of the burn due to the 
intense heat and may be evident when a sample of blood is drawn several hours 
latei’. Subsequently, the slight rise in the ictenis index and the presence of 
increased amounts of blood pigments in the urine verify the prcA'ious destruc- 
tion of red blood cells. Ham® has shown that the congestion of both the larger 
and smaller blood ve.ssels, together with the small hemorrhages that are com- 
monly observed, account for the loss of Ai'hole blood from the active circulation. 
The present studies show that the increase in the pla.sma volume causes a 
dilution in the red cells. (Calculations reveal that the hematocrit avouIcI 
read from 1 to 8 points higher if the plasma volume had remained at the 
control value.) Harkins’® has suggested that the anemia maj^ be due to one 
or more of the folloAA’ing factore: “(a) Keabsorption of fluid, (b) primaiy 
de.sti’uetion and increased fragility, (e) continued destruction of red blood cells 
and sloAving of their formation due to sepsis, bleeding from granulating .sur- 
faces and malnutrition.” Regardless of the cause, it appears at present that 
Avhole blood transfusions giA^en during the first tAventy-four bom’s to bumed 
patients and animals afford the most satisfactoiy means of preventing the 
anemia. It is important that the transfusion of AA’hole blood be given at this 
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time, for if Ihe anemia is permitted to ocenr, subsequent transfusions arc rela- 
tively less effective, (This has been noted in patients, and seem.s evident from 
the I’esults on Dogs 35 and 16.) 

Since it has been stated'" that in the presence of some types of anemia 
there is a rise in the plasma volume, it was felt passible that the increase ob- 
served might be an attempt by the body to compensate for the diminished red 
cell mass. Because there was not a dramatic change noted in the plasma 
volume when the red blood cell mass was increased by transfusing red blood 
cells, and since the plasma volume continued to fall wlien the anemia rcciUTed, 
the afore-mentioned theory docs not seem to explain the pla.sma volume altera- 
tions which were found in these experiments. 

While the animals treated with plasma exhibited a .slightly larger increa.se 
in their plasma volumes than did the control animals, the number studied was 
not sufficient to prove this point. Since the magnitude of the plasma volume 
is not dependent solely on the amount of protein present, but rather, as has 
been previously stated,-"' on numerous other factors, we feel that the various 
changes encountered are not dependent alone upon the type of therapy em- 
ployed but upon the following factors; (1) The extent and depth of the burn, 
(2) the time of instituting therapy, (3) the size of the treated subject, and 
the extent and consistency of the therapy, (4) the individual function of the 
cardiovascular system and kidireys, and (5) the time of obtaining studies 
after the injiuy. 

It is also of interest that in some of the animals which were treated -with 
plasma during the shock phase, the decrease in the total circulating albumin 
was as great or greater than in the control gi'oup. Thus, the giving of plasma 
did not apparently sustain a normal amount of circulating albumin. 

Further studies (chloride, CO 2 , sodium, and in some cases tissue analysis) 
were done on some of these animals and on others not included in this paper. 
These analyses are not complete and will be reported later, but from the in- 
formation obtained thus far an attempt will be made to clai’ify the alterations 
in the water and salt metabolism that are noted in the bumed patient. 

Selye'® has stated that during the postshock or “countershock” phase 
folloudng a burn (or after other injuries where the “alarm reaction” occurs) 
there is a retention- of water and salts due to an increased activity of the adrenal 
gland. From luipublished data we have noted an elevation in the cortin out- 
put in the urine of burned patients, and in severely bumed patients and animals 
a retention of water and salts has been observed.'^’" It is also evident from 
our work that the convalescent period of burned animals and patients resembles 
in many respects the course followed by noimal animals treated Avith desoxy- 
corticost crone acetate by Loeb'“ (large water intake, with an increased urine 
volume but with water retention). 

Lyons, Jacobson, and Avery'® have recently pointed out that the admin- 
istration of various sodium salts for two days to normal subjects Arill cause an 
increase in the plasma volume. In their experiments the plasma protein con- 
centration fell only slightly and, although such was not reported, an increase 
ill the amount of the total circulating plasma protein occurred. Thus, from 
our work® and that of others,"*'® it is apparent that a normal or fairB^ 
wcll-noAirished indiridual Avho has an increase in the amount of water and 
salts in the extracellular fluid compartments Avill mobilize plasma protein 
and maintain a relatively normal protein concentration, thereby showing a 
marked increase in the total circulating plasma protein. Thus, in some post- 



802 


SUKGKnV 


operative cases, and in burned patients, the low i)rolein concent i-af ion enconn- 
terod may occur not because of a decreased amount of eirculatin<j plasma pro- 
tein but liecau.se of an insuf/ieienl amount of available plasma jirotein (depleted 
protein I’cserves) or an excessive retention of water. (The incrca.se in plasma 
water is p:roator than the increase in the total circulatin'’: plasma protein with 
a resulting dilution and fall in the pla.sma jirolein concentration. If a good 
diuresis occurs many of the jiatients studied have shown a definite and fairly 
rapid rise in their plasma jirotein concentration.) 

Peters and ^ an Slyke" have held the .same view and .state that the protein 
concentration may be affected either by changing the total amount of circulating 
Jirotein in the body or by changing the jilasma volume .so that the proteins 
are diluted or concentrated. 


It has been suggested’” that .sodium chloride should be administered to the 
burned jiatient during the convale.sccnl j)ha.se, e.s]iecially if the plasma elec- 
trolyte levels .show a decrease below the normal concentration. If cxcc.ssivc 
amounts of .salts are lost from the wound, or are lost due to vomiting or diar- 
rhea, .such therajiy would be indicated, but if the jiatient is given jilasnia, 
whole blood, or an oi'al .salt solution in adequate amounts during the fir-st .several 
days and does not have large lo.sse.s, be .should have a suflicient amount of the 
ncec.ssary electrolytes to more than replace tlio.se deficits. 

In many burned jiatients during the convalescent phase the fall in the 
blood electrolyte concentration (chloride and .sodium) is again due to a greater 
retention of water than of salts. Many of the animals studied have .shown an 
increase in their extracellular fluid volumes and a low pla.sma chloride con- 
centration, Such levels may not lie corrected liy the administration of an 
i.sotonie or hypotonic salt solution, but rather they would return to normal if 
the CXCC.SS water was I'cmoved. (Tlii.s might be accomplished by withholding 
water temporarily and administering a hyjierlonic salt .solution or by giving 
a concentrated plasma or albumin solution. The use of suitable diuretics may 
also be of value.) 

The low plasma cliloride concentrations encountered in intestinal ob-struc- 
tion’'’ and other similar disorders are, of course, due to an actual decz’ease in 
extracellular salts; on the other hand, the low levels encountered in burns and 
in many patients vith malnutrition edema are nsnally due to a greater retention 
of water tJian salts. Tlie patient in the finst t.vpe of case, when given a pli.vsio- 
logic solution of sodium chloride, would show a fairly rapid return to the normal 
plasma concentrations of chloride and sodium, while the latter group of patients 
would sliOM' an increase in tlie extracellular fluid volume, but very little alteration 
in their blood concenti’ations. We do not wish to leave the impi’ession that salt 
deficiencies may not occasionally occur in such patients during the convalescent 
pha.se, but rather to emphasize the fact that a low plasma sodi\im or chloride 
concentration can be encountered when the body has excessive amounts of tliese 
elements and that therajn' should not be guided solely by such values, ' 

It has been pointed out-"'-" that when low concentrations of sodium are 
encountered in the e.xti’acellular fluid there is an intracellular shift of water 
with resulting cellular edema. It has also been shown”- ”” that when excessive 
amounts of water are given to even mildly burned animals a marked fall in the 
pla.sma chloride concentration occur.s, and water intoxication and death ma.v 
result. .Since the .sjTnptonis of water intoxication (rising temperature and pulse, 
mental eonfu.sion, coma, etc.) as described by Trusler, Egbert, and Williams*” 
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ai'c fairly frequenlly cii’coimfcrod in falally huriiod ])alienls, it .seems a.s lli(m}?h 
a stale of overliydration -slioidd l)e "guarded af?aiiisl dnrinf>: liic ])o.stslK)ek })eriod. 

In Dog 60 and in one patient treated with wlmle blood and the .salt .solution 
by month, the hematocrits rose to 73 and 76, re.s])eelivcly ; however, in both 
instances there wa.s aJi inadequate amonnt of .salt solnlion given initially. The 
clinical course in the afore-mentioned animal and patient in wliom treatment 
was \niavoidably delayed was significant. The animal .showed the most pro- 
found edema of any one .studied, before being .saci’ificed, and the patient wlio 
had a very extensive third degree burn .succumbed after seven days. 

Green and Bergeron'-* have felt that in tourniquet shock some toxic sub- 
stance apparently accumulates which iiltimately causes death. Because of the 
local loss of fluid into the traumatized area and hence a reduction in the blood 
volume, he believes that the kidneys are unable to eliminate this substance. In 
his cross-transfusion experiments, when a normal blood volume and urine ex- 
cretion were maintained in tiie control aaiimal, no ill elfeets were noted in llie 
control group, but in similar control animals when the uretei's were ligated, 
death of the control animal occurred quite promptly. This would appear to 
indicate that the fluid lost and the presence of a toxic substance were of great 
importance. If such is the case in burned patients, it would seem that an early 
restoration of the blood volume and urine flow were of the utmost importance. 
Since an adequate blood volume and urine flow can be obtained*' ** by employing 
adequate amounts of a suitable electrolji;e solution, and since the plasma protein 
and albumin concentrations are often not maintained by plasma transfusioms 
except possiblj' during the period of shock, it seems that such a salt solution 
ma^’’ prove to be of even greater value than plasma in tlie treatment of burned 
patients. 

In other forms of experimental shock,**®’-® salt solutions in large amounts 
have proved to be of value. It also has been noted that the plasma protein con- 
centration falls during this fom of therapy but apparently this fall did not 
impair the chance of sui’vival. The use of concentrated albumin during the 
convalescent period when the total circulating albumin is low and the body 
water is inci’eased may pi’ove desirable. 

Since whole blood in adequate amoifnts seems to prevent the anemia whieli 
is usually encountered from occurring it would seem wise to administer it in con- 
junction with the electrolyte solution, in preference to plasma. In second degree 
bums, where the loss of red cells is not great, smaller quantities of whole blood 
sliould be adequate, and in patients with a large third degx’ee burn subsequent 
small transfixsion may be indicated. 

CONCLUSIONS 

1. By giving whole blood intravenously (amounts equaling up to 5 per cent 
of the body weight) during the shock phase, the anemia that is encountered dur- 
ing tlie convalescent period of burned animals or patients has been ameliorated 
or prevented. 

2. When a salt solution is given by mouth with whole blood intravenouslj- 
during the shock phase following a burn, undue hemoeoneentration is not en- 
countered and recovery is satisfactory. 

3. Inasmuch as burned animals and patients usually show a marked re- 

of ^''afor during the postshoek period, the fall in the plasma protein. 


•Unpublished data. 
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chloride, and sodium eoncenl rations often docs not indicate a deficienej- of tlicse 
elements but rather a dilution of them. The decrease noted in the plasma 
albumin concentration is due not only to dilution but also to an actual decrease 
as shown by the fall in the total circulating plasma albumin. 

The authors wish to express their Kratitutie for tlie iiclpful as.sistance of 'Wiliiam 
bugiytima., U H. Stout. Jr., X. O. Kaplan, Jean Eberly, Jtary Aliison. niciiard Iwtita, and 
C.'itlierine McKay wlio lielped make tlii.s work possible. 
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THE ROLE OP INFECTION IN SHOCK PRODUCED BY 
3MUSCLB INJURY*^ 


Bable B. IMaiioney, SI.D,, Joe W. IIoWeand, Ph.D., 1\I.D., and 
Kathryn YACicEr,, B.S., Eochesti-:r, N. Y. 

(From The Departments of Surgery and of Medicine of the Vniversity of Rochester 
School of Medicine and Dentistry and Strong Memorial Hospital) 


T he problem of traumatic shock was first studied intensively during World 
YLar I, and the investigations of that period resulted in a clarification of 
many of its physiologic aspects. These results were summarized in special 
reports from England^- - and in Cannon’s® well-knowm monograph entitled 
TrmimaUc Sliock. It was believed at that time that the decrease in eirenlating 
blood volume was in part a result of toxins elaborated from damaged tissue, 
which resulted in fluid loss by causing generalized capillary damage. The loss 
of blood and plasma at the site of injury was not considered adequate to ex- 
plain the peripheral circulator}^ failure. The experiments of Blalock* and of 
Parsons and Phemister® challenged the traumatic toxemia theory and indicated 
that the local loss of fluid at the site of injury could account for the depletion 
of the blood volume. Shock research since that time has been primarily 
concerned with these two mechanisms, but the presence or absence of a 
traumatic toxiir remains unsettled. All agree that the local fluid loss is of 
utmost importance in the initiation of the shock syndrome, but experimental 
and clinical evidence supporting the toxic theory is not completely convincing, 
nor has it been disproved. 

Recent Avork has stressed the importance of infection and the role of bac- 
terial toxins in the pathogenesis of experimental shock. Aub and co-AVOrkers®- ^ 
produced shock by muscle tourniquet and found that the sheath fluid resulting 
produced shock in nine out of thirty-tAA'o recipient animals Avheii it Avas injected 
intravenously. Clostridium perfringens Avas found in 70 per cent of the trau- 
matized animals, and the toxic fluids AAmre among the most heavily infected. 
When Clostridia Avere injected into the traumatized muscle, one-half the usual 
amounts of the resulting fluid produced shock, and the intramuscular injection 
of CL perfringem toxin produced local edema follGAAmd by a shocklike condi- 
tion. Although Pine and associates® liaAm presented six reasons Avhy they 
do not feel that clostridial toxins are necessarily of etiologic significance in 
tourniquet shock, it does seem reasonable to assume that bacterial toxins do 
have at least a secondary effect in Aub’s experiments. The initial factor of local 
fluid loss is, hoAvever, of primary impoidance, since bleeding normal dogs a 
comparable amount produced shock in one-third of the animals. 

The experiments of Prinzmetal and co-Avorkers® also emphasize the im- 
portance of bacterial contamination of traumatized tissue in the genesis of 
shock. Quadriceps muscle Arms removed from the dog’s leg under aseptic pre- 
cautions and replaced, AA'ith a shocklike condition resulting in tAventy-four 
hour's aird death in tAvo to three days. The muscle Avas alAvays found grossly 


presentea at the tncetlns of the Society of University Sur- 
geons, New York, N. Y.. Pcb. 8, 1945. (Meeting canceled.) ^ 
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infected at autopsy, wiiile in other ex])erinients tJie animals sui-vivcd with 
the oral administration of sulfamerazine. The lonj? survival lime and tlie rela- 
tively delayed appearance of shock in tliis type of exi)erimcnt differentiates it 
from tlie more acute process whicli occurs followiii'r muscle crushing (Blalock*") 
in the expei'imental animal, and from the usual type of clinical traiunatie shock. 
It more closely re.semhlcs the situation of a grossly contaminated wound which 
has not had early treatment than the })cripheral circulatory failure occurring 
soon after trauma. 

Baeteiia of various types commonly occur as inhabitants of normal animal 
muscle, and Keith** found 84 per cent positive cultures in the muscles of living 
hogs, rabbits, and guinea pigs. Gram-positive ga.s-forming anaerobes are fre- 
quently found in dogs’ muscle, but it is difficult to rule out tlie possibility of 
.skin contamination during tlie biojrsy. Q’hc dogs’ liver u.sually contains elostri- 
dia, and death from the intrapcritoncal transplantation of pieces of liver,*" 
as well as from bile peritonitis,*" can be })artially cxj)lained on the basis of 
bacterial infection. It is improbable that clostridifi are noi’inal inhabitants of 
human muscle, but they have been demonstrated in the liver,’* and are usually 
present in the intestinal tract. Tlie almost univer.sal contamination of trau- 
matic wounds, especially war wounds, and the high ])ercentagc of clostridial 
contamination makes it necessary to invc.stigatc the role of infection in the 
earh’- pha.se of shock. The results to be reported indicate tJiat an e.xperimental 
woiuid (muscle crushing) may be gimsly contaminated with SiapJiylococcns 
aureus and the shock picture is not altered; contamination with Sireptococcus 
Jiemohjticus and with Clostridium wetchii shortens the survival period and alters 
the shock mechanism. 

METnOD.S 

Dogs obtained from animal house stock were used in all the e-xperiments, 
and shock was produced with the Blalock crusher applied to the thigh for five 
hours at 1,500 pounds pre.ssure, using intravenous nembutal ane.sthesia. There 
were fi\-e groups of experiments, each including ten or more animals: 

1. Control series with the crusher and no infection. 

2. Crusher plus infection. Cultures of bacteria Avere injected into 
the thigh muscles before application of the crusher as folloAVs : 

(a) 1 c.e. eighteen-hour broth culture of Staph. aureu.S' just 
before application. 

(b) 1 c,c. eighteen-hour broth culture of Staph, aureus eigJiteen 
hours before application. 

(c) 1 c.c, eighteen-hour broth culture of Sir. hcmolytic%is just 
before application. 

(d) 1 c.c. eighteen-hour broth culture of Cl. wetchii just be- 
fore application. 

P’ollowing removal of the crusher the animals were obseiwed until death. 
Arterial blood pressure readings were obtained by direct femoral artery punc- 
ture using a mercury manometer, or by meairs of a carotid artery cannula. In 
earlier experiments difficulty Avith contaminated citrate had been encountered, 
therefore the continuous recording Avith an arterial cannirla has been discarded 
in favor of repeated arterial puncture. This method is, per-haps, rrot as accurate, 
but it obviates the po.ssibility of arterial corrtamination and the possible effect 
on the survival time of ligating a carotid artery. Blood Amlume deteraninations 
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wci-c made berore apidipatioii of the cnishev and shorn.v before dealb of fbe 
at\imal, -using the blue dye Td82J and the spccfrophofonieiei*. Blood Kii)n]de.s 
were oblamed by arterial puncture to i)rcvcnl .stasis. Plasma i)rotcin.s ^^■crc 
determined by the micro-Kjeklabl method. 

Repeated aerobic and anaerobic blood cultures were taken throughout, the 
experiment; the liver and traumatized muscle of the thigh were cvxltured im- 
mediately after death. Citrated blood, 1 c.c., was used to make pour plates for 
aerobic cultures. Anaerobic cultures were made by inoculating both thioglycolie 
media and deep meat tubes. A ])orlion of liver and thigh muscle 3 cm. in 
diameter was removed under aseptic precautions for aerobic and anaerobic study. 

OBSERVATIOKS 

A series of normal animals were infected witli the same strain.s of Staph. 
rtxrcKs and Btv. lieinolijticns b.v injecting eighteen-hour bi’oth cixltures into the 
thigh muscles aird were studied as controls. None of these infected animals 
died. The animals infected Avith staphylococcus developed abscesses of the 
thigh, associated Avith fever and leueoeytosis, AAdiich localized and ruptured 
spontaneously. The animals infected with streptocoeens developed a diffuse 
cellulitis of the thigh, had fever and leueoeytosis, and appeai’ed quite ill for 
four to five days. The infection usually snhsided Avithout localization and tlie 
animals appeared normal in six to ten days. The blood and plasma volumes 
Avere foIIoAved daily, and they did not shoAV the characteristic changes of shock. 
The blood pressure remained normal and the blood cultures Avero negative. 

The eighteen-hour Douglas broth deep meat cultures of Cl. welchii Avere 
obtained from Dr. Andrew DoAvdy, and the control observations are taken 
from his experience.’^® 'Wlieii 1 c.c. of the unflltered culture is injected 
mto the thigh muscles of a dog, signs of toxicity may develop AAUthin thi’ee 
hoAAi’s, and the leg becomes edematous. Genei-al toxicity is marked Avithin six 
hours, the leg is vei7 edematous, the skin has a blnish-black appeai'ance, and 
there is a serosanguineous ooze from the skin. Of the control animals, 48 per 
cent died Avitliin tAventy-four lioin-s and 12 per cent ultimately survdved. A 
small percentage of the animals died Avithin less than tAA^elve hours. 

The typical blood pressure cnrA'es of three types of experiments are shoAAm 
in Pig. 1. There Avas ahvays a rapid decline in the arterial pressure within 
one-half hour folloAAung removal of the crusher. In the control group there 
Avas usually a secondary rise Avhich A'aried in degree, and in general there AA'as 
a greater fluctuation in the blood pressure of this group than in the infected 
animals. The infected animals occasionally had a slight transitory secondary 
rise, but in most instances the sharp initial decline in blood pressure Avas fol- 
lowed by a progA-essive but more gradual fall until death. The SAA^elling of the 
thigh developed much more rapidly and Avas much more extensiA-e in the in- 
fected animals than in tlie controls. The rapidity of SAvelling in the Cl. wolekii 
group Avas startling: Aritliin thirty minute's following tJie removal of the 
cruslier the thigh and adjacent tissues Avere tremendously edematous. 

Sur viral. -~T!\\e average suiwiAml time folloAving removal of the crusher in 
tAA-enty control animals Avas seven hours and twenty-£Ye minutes (Table I). 
Tlie longest siuTival time Avas nine lioiirs and lliirty-five minute.% and the 
.short c.st Avas tluw lioui-s and fifteen minutes. Tiie surviA-al of the animals 
inoculated Avilli Stajjli. aui'cu.s .ju.sl prior to application of the crusher Avas 
appi'oximnlely the same as the control series. The dogs inoculated Avith Staph. 
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aurens eighteen hoiu-s before crushing survived even longer: an average of 
nine hours, compared witli seven hours and forly-five minutas. Tiie average 
survival time of ten animals inoculated ^vith Sir. hcmohjlicm .-was five 
hours and forty minutes; the longest survival was seven houra and fifty-five 
minutes. Tlic Cl. irc-lchii sorias (ten experiments) had the shortest survival 
period, whicli averaged only four hours and thirty minutes, with a minimum 


Shock Produced hy Crusher Arterial Pressure 



Sp. 6r. Whole Blood 



Fig. 2. — Speciftc gri-avity of whole blood. 
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Tabw: I. 


SuimvAB TiMi'.; Snoac I’koboceb »a' Cr.oKiuxc, ri>\JS iKvixrrtoK 


Control cruslv 
Simultaneous crush and 
Staph, aurexts 
Staph, aureus IS lir. before 
crush 

Simultaneous crush and 
Str. hcmohjticus 
Simultaneous crush and 
Cl. welchii 


AVEnAOF. 

ni!. 

7 hr. 25 min, 
7 hr. 45 min. 
9 hr. 

5 hr. 40 min. 
4 hr, 30 min. 


SHOilTltST 

ntt. 

3 Jir. 15 min. 
5 hr. 05 min. 

4 hr. 30 min. 
3 hr. 15 min. 
2 hr, 55 min. 


J.ONOi;.ST 

TIU. 

9 lir. 35 min. 
10 hr. 30 min. 
13 hr. 

7 hr. 55 min. 
7 hr. 15 min. 


survival of two hours and fifty-five luiiiutcs, and a inaxitmun of seven hours and 
fifteen iniinttes. 

A comparison of blood chatiges in the control, streptococcus, and Cl. welchii 
groups of experiments is shown graphically in Pigs. 2 to 4. The figures repre- 
sent average figures for each series. 

jffejjiafocrif.— The hematocrit in these three types of experiments followed 
similar trends. It remained quite constant while tlie crusher was in place, but 
increased rapidly following its removal. The average total increase in hemato- 
crit in the control series was 23.6 per cent, in the streptococcus sei'ies 28.1 per 
cent, and in the Cl. ivehhii, 27.0 per cent (Table II). 


Table II. Increase in HEiiATocraT, Whole Blood SpeaFic Gravity, and Concentration 

OP Circulating Plasma Protein 



HEMATOCRIT 

(%) 

SP. GR. OP 
WHOLE BLOOD 
(CM.) 

CONC. OP CIRC. 
TOTAL PROTEIN 
(QM. PIE 100 C.O.) 

Ooatrol crush (20 dogs) 




Crush plus Str. (10 dogs) 




Crush plus Cl. welchii (10 dogs) 





Specific gravity of ivhole blood (Fig. 2), followed the same pattern m 
the thi’ee groups, but the control animals showed the greatest total change. The 
whole blood specific gravity of the control animals and animals infected with 
streptococcus continued increasing after the sharp initial rise, while that of the 
Cl. welchii group tended to remain constant after the fii’st two hours. 

The white blood cell coxtnt (Pig. 3) increased while the crusher was in 
place, and decreased during the first hour after removal. A secondary increase 
then occurred which was maintained until death in the control group, but a 
seeondaiy fall characterized the infected animals. 

The circulating plasma protein concentration (Pig. 4) increased during 
the application of tlie crusher and during the first hour after removal. It 
remained comparatively level in the infected animals, but tended to decrease 
in tlie controls before death, and did not return to the normal level. The 
greatest concentration occurred in the streptococcus series. 

The decrease of plasxna volume and total circidating protein was parallel 
in the three groups, but there were definite variations in the total amount and 
in the rate of loss. The control animals (Table III) lost 35.4 c.c. of plasma 
per Idlogram and 1.87 6m. of protein per kilogram. The animals infected with 
streptococcus had a plasma loss of 2C.6 c.c. per kilogram, and the Cl. wdchii 
group 27.1 c.c. per kilogram, significantly less than the controls. The rate of 
plasma loss was about the same in the controls and the animals infected with 
streptococcus; 4.8 c.c. per kilogram per hour, and 4.7 c.c. per kilogram per 
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T^\bi,e III. Plasma Loss in Control Shock CoMrARRH IVrm Inkfiition Plus Cuu.sii 



PL.ASMA 

LOSS 

(r.c. rr.R kg.) 

CIUC. IMtOTRIN 
LOSS 

(OM. rKll KO.) 

AVIR’vAOE PLASMA 
LO.s.S PER HR. 

(c.c. IT.l'vKO.) 

SiniVIVAT. 

Control (20 dogs) 

35.4 

1.87 

4.S 

7 hr. 2.5 iiiiii. 

Crush plus Str. 

(10 dogs) 

2G.G 

1.41 

4.7 

5 hr. 40 min. 

Crush plus Cl. welchii 
(10 dogs) 

27.1 

1.51 

G.O 

4 hr. 30 min. 


houv, respectively. The animals inoculated with CL wclcltit lost plasma at a 
more rapid rate ; 6.0 c.c. per kilogram per hour. 

The fluid loss (Table IV) in the traumatized extremity was measured in 
three series of experiments by comparing the weights of the normal and of the 
traumatized hindquarters. The blood volume decrease in the. controls aver- 
aged 34.5 per cent of the normal volume, and approximately 27.8 per cent 
of the normal was recovered in the traumatized extremity. In the two groups 
of animals infected with staphylococcus, more fluid could he accounted for in the 
extremity than the measured loss of blood volume. These mea.suremcnts, liow- 
ever, include the edema fluid present as the result of infection. The blood 
volume decrease in shock produced by the crusher compares closely to the 
amount of blood removed by repeated hemorrhage, which caused death in 
approximately the same time. The average blood loss which produced death 
from hemoiThagic shock in five to seven hours was 37 per cent of the circulating 
blood volume. 


Table IV. Shock Produced by Blai.ock Crusher 



BLOOD VOLUME 

LOSS IN SHOCK 
(%) 

TOTAL 

BLOOD A'OLUME 

RECOVERED IN 

CRUSHED EXTREMITY 
(%) 

Control 

34.5 

27.S 

Simultaneous infection 

plus crush 

.32,9 

35.0 

18-Hr. infection 

plus crush 

31.4 

3S.G 


Average Wood volume loss in fatal shock from hemorrhage, 36.9 per cent. 


B acteriology . — 

Control animals: Eepeated blood cultures during the application of the 
crusher and after removal showed no bacterial growth except for occasional 
staphylococcus or streptococcus in the broth, which appeared to be contaminants. 
Gram-positive gas-forming anaerobes (CL welchii) were present in the muscle 
and leg fluid follondng crush in sixteen out of sixty-three animals, or in 25 per 
cent. This group did not include dogs that had been inoculated with CL tvelcJm, 
but did include animals receiving Sir. hemolytiens. CL ivelchii Avas found in the 
liver in 87 per cent of the animals. 

Infected animals: The blood cultures were sterile in the Sfr. hemolyticus 
series both during application of the crusher and after removal. Terminal blood 
eultui’es were also sterile. A positive culture was encountered in one animal 
after removal of the crusher, but at autopsy an acute cystitis Avas found, and 
cultures of the bladder shoAA-ed streptococcus. Inasmuch as it may appear 
unusual that so many dogs had negath-e blood cultures, it should be noted that 
cultures Avere taken prior to the day of the experiment, and animals Avitli 
bacteremia, Avere discarded. Str. hemolyticus Avas, of eoui’se, ahvays present in 
the leg fluid and CL ivelchii aaus present in the leg muscle of tAA'o animals. 
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llie blood culliirt’s in llic (7. v’f'IcJni sorio.s wore fi'ctjucnfly ])ositive, and 
since there did not seem to be any definite j)atteni in I'elalion to the crusher, 
the results are 1al)lnaled in Table V. (’1. urlchii was always isolated from the 
le^ fluid and liver. 


Tahi.k Bi.oon, Lit, Mesn.K, Livia; Cfi.Tria:s i.v Ch. Wrr.cnn Pairs ('liusii 


DOG NO, 

co.v'n.-oi m-iux'c 
(TiTriu cia-su 

.irsT 

riuoi: 

TO 

i;Kir,\si 

3. 7 .MIX. 
.\VTKI-. 

iir.i.v.Asi; 

2 m;. 

2 TO 4 
III:. 

ISJl 

yi.nii 

VK 

MrSCF-K 

IIVE!; 


- 

- 





4- 



- 





X 

4.'!-!(ls 

- 

- 


- 

■f- 

j 

sir. 

4.4-;! 7. ■: 



- 
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4- 

+ 

4;^ :',72 

- 


- 

f 

- 

suipii. 
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1 4 



_ 



j. 

*f* 

4.-i-424 


. 

_ 



4. 

•f 

-K!-417 


- 

.*^11. 




Sir. 

4;J-4i I 

- 

4. 


- 



-I- 

4;i4M 



— 





4:::i44 



4- 


- 

■f 

4* 

4:!-2(;.’) 

- 


- 

- 

- 

4 

.Sfiipli. 


+. Cl. icrlcltu 
XoK.-ilivo cultiiro 


Pdihologij, — The animals were autopsiVd nniued/atidy follmvinix death, and 
portions of the orjians saved for mieroseoiiie study. The c]ian<re.s noted were 
as follows: 

Ileari: The heart was usually dilated. The nuiselo showed no gi'oss or 
inieroscopie abnormality other than occasional fragmentation. Tins fragmenta- 
tion was not constantly ijresont, but occurred most frequently in animals in- 
fected \nth Ch u'chhii. 

Lungs: Basilar congestion was pre.scut, but the lungs were not generally 
eonge.sted or edematous. 

Liver; The liver appeared congested and swollen. On microscopic exam- 
ination there was marked central conge.stion. The liver cells appeai'ed frothy 
and were vacuolated, indicating cloudy swelling and probably fatty degenera- 
tion. This change was most mai-ked in the central area, and focal necrosis was 
occasionally present. The appoanwee of the liver was e.ssentially the same 
in all tlie animals, although the changes in the clostridial group seemed more 
marked than in the control and streptococcus scries. 

Spleen: The spleen was contracted and freqiiently contained hemorrhagic 
infarcts. 

Gastrointestinal tract: The stomach appeared normal. The duodenum 
showed mucosal conge.stion and occasional actual hemorrhage with superficial 
idcei’ation. This change was similar in the three groups of experiments. The 
jejunal mucosa was also occasionally congested in the proximal i^ortion, and 
in many animals bloody fluid was present in the lumen. 

Adrenal: The adrenals appeared normal in most instances, but hemoiThage 
in the medulla was occasionally seen. 

Kidneys: The kidneys were grosslj- congested and swollen. Micro- 
scopically there ivas always marked capillary congestion and extensive cloudj^ 
swelling of the tubular epithelium-, the lumen of the tubule was often filled 
with cellular debris. Pink-staining amorphous jireeipitate was present in the 
glomeruli, but no definite necrosis was noted. Casts were i^resent in the col- 
lecting tubules. 
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fmumatizcd mioidc: The imiselc of <hc eoiitrol aiiiimils ill Ihe time of 
dcatlv was veiy edemulous iind maecvated, ami idoody fluid oo'/.ed from the, cut 
section, ilievoseopically, ihovc were fva<imeutaaon of tlic muscle Imndlcs, 
edema, and liemorrliiiijc. The .stvcpioeoeeus secies showed the .same change 
except foe move prominent cdeimi and .some leneocytie iniUti-ation. The muscle 
of the animals inoculated witli Cl ivrlchu showed much move mnvhed chnnjies. 
Pockets of gas were present, and the muscle had a hluish-hlack ganiironous 
appearance. The edema ihiid was dark and frotliy iind on cut section the 
muscle was soft, necrotic, and amoi'idions. The local evidence of pa.s gangrene 
was confined to the area of the tliigh wliieli had been ernshed and had not 
spread to the normal muscle or to the trunk of Ihe animal. 


DISCUSSION OP BESUhTS 

The shock or peripheral civcnlatory failure which follows the removal 
of the crusher is quite similar to that seen following cxpcrimcnial intestinal 
trauma, tonmiquet shock, and muscle trauma produced hy other mclhod.s. The 
ratlier precipitous drop in blood pressure following removal of the crusher is 
more strildng than is seen following intestinal trauma or muscle injui\y of 
other types. There is marked hemoeoneentration, an inevease in the whole 
blood specific gravity, and increased blood viscosity, and the concentration of 
circulating plasma protein increases slightly. The eireulating (measurable) 
plasma and whole blood volumes decrease. Following the removal of tlic 
crasher the inijured thigh becomes enormously swollen, and at autopsy bloody 
fluid oozes from the muscle. This fluid coutaius less protein than normal 
plasma and less hemoglobin than whole blood. All of the leg fluids and trau- 
matized muscle were cultured both aerobically and anacrobicallj^ aird CL roelchii 
was isolated in 25 per cent. Many of the leg fluids and muscle shoAved no 
grouflh on either aerobic or anaerobic cnlture. 

The amount of fluid lost in the traumatized extremity is nearly equal 
to the measni’ed loss of blood volume. This again emphasizes the importance 
of local fluid loss as an initiating factor in shock, and is an excellent argument 
against the hypothesis that there is a generalized capillary permeability and 
general fluid loss in shock. 

The infected animals differed from the controls aspeeially in survival time, 
which is two hours shorter with streptococcus infection, and three hours sliorter- 
with Cl laeMdi. The blood pressure curves show the same prompt initial fall, 
but the infected animals do not have the secondary rise in arterial pressure that 
is present in the controls. There are differences in the whole blood specific 
gravity and in the white blood count, as previously noted, but the changes are of 
minor importance. The swelling of the thigli is more marked with the strepto- 
coeevis than in tlie controls, but Cl tvelclm is associated with the greatest edema ; 
swelling becomes maximal witliin thirty minutes, the leg is bluisli, and crepita- 
tion is present before death. In spite of the tremendous swelling, the plasma 
loss from the circulation in the infected animals is less than in the controls. 
Tile controls lose an average of 35.4 e.e. of plasma per kilogram, while the 
infected animals lose 26.6 and 27.1 c.c. of pla.sma per kilogram. The rate of 
plasma loss is the same in the controls and with strep! oeoceus, hul is more rapid 
in the n, ivclclm group. 

IJicro are many possible reasons wliy the survival period of animals in- 
fected with streplococcus and CJ. uxIcMi is shorter than that of the controls 
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or those infected witli staphyloeoceus, but the factors of local fluid loss and of 
circulating bacterial toxins deserve the most serious consideration. It can be 
argued that the infected animals have a greater initial fluid loss at the site of 
trauma with a more rapid initial Iflood volume dc])lelion. Tlic group infected 
witli stapliyloeoceus did lose more fluid at tlic site of trauma Ilian the controls, 
but tlicir survival time was not decreased. Tlie animals infected witli strepto- 
coccus and CL wclchii did not have as great a decrease in tlie plasma volumes 
at the time of death as did the controls. It would follow from these observa- 
tions that the differences in survival cannot be exjilaincd on the basis of greater 
local fluid loss, and that there is a systemic effect of the bacterial infection 
(bacterial toxin) which is added. The dift’ei'cncc in the blood jircssurc curves 
sugge.sts, however, a po.s,siblc difference in the jihysiologic response of the in- 
fected animals. The secondary blood pro.ssure j’ise seen in the control animals 
is usually explained on the basis of va.soconsfriction, a narronung of the cir- 
culatory bed to compen.sate for the decreasing blood volume. TJie absence of 
the secondary rise with streptococcus and CL welcJiii suggests that the infection 
may deprive the animal of this compen.satory mechanism. 

The experiments of Aub and Ins co-workers“- ' have led them to believe that 
in experimental .shock (especially tourniquet shock) the much sought after 
“toxin” is probably bacterial in origin and primarily the toxin of Clostridia. 
This ma.y also bo true in shock resulting from mu.scle trauma with the cnisher, 
but there are several characteristics of the control expei’iments whicJi are not 
in complete accord with this hypothesis. 

In these experiments CL icelchii was found in the muscle in only 25 per 
cent of the animals (not inoculated Avitli elostridia), and these animals did not 
have the shortest survival times. The deliberate inoculation of the muscle with 
elostridia prior to cnisliing shortened the survival time and modified the course 
of the shock. 

The pathologic lesions found in animals dying of shock are in some respects 
similar, but in othei’s definitely different from those present in fatal clostridial 
infection. The central congestion, fatty degeneration, and focal necrosis of the 
liver are commonl 3 ’' found in both conditions. The muscle fragmentation is 
seen after removal of the crusher, but this can as well he a mechanical as a 
toxic effect. The duodenal ‘hemorrhage, the kidnej’' lesions, and the adrenal 
hemorrhages were not seen bj’' Favata and associates’® in their dogs which 
died from clostridial infection or injection of their toxins. These lesions ax'e 
usuallj^ present in experimental traumatic shock. In discussing tourniquet 
shock, Pine, Prank, and Seligman® state that, “The death from tourniquet 
shock is extraordinarily' rapid, a matter of a few hours usually, following 
release of the tourniquet, so that too little time is available for development 
of enough toxin to be the lethal agent.” This short duration certainlj'- does not 
preclude the development of enough toxin to cause damage to the animal, as 
manj' of Dowd.y’s animals were toxic within three hours after intramuscular 
injection of the cultures. The amount of toxin which can be fonned within a 
relatively short time, added to the fluid loss, can well be a potent factor in 
causing the animal’s death. However, more experimental evidence must be 
obtained before we conclude that bacterial toxins are alwaj's a factor in rapidly 
developing experimental shock due to muscle injuiy or muscle ischemia. It is 
noteworthy' that bacteremia was not encountered in the streptococcus experi- 
ments, and only occasionally with clostridial infection. 
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The decrease in the sul’^dval time following injury to muscle inoculated ^\ith 
Str. hcmolyticus and with CL wclchii, as compared witli the control anim.il.s 
and those inoculated M'ilh staphylococcus, emphasizes tlic important role whicli 
wound contamination may have in traumatic shock. Tlie importance oC wound 
infection is so obvious that comment is unnecessary, but these observations in- 
dicate that simple wound contamination may ^irofoundly affect the shock 
resulting from injury. 

CONCLUSION,S 

Shock has been produced in dogs by means of the Blalock crusher. The 
inoculation of virulent cultures of 8i)'. hcmohjticAi^ and CL wclchii into the 
thigh muscles just before application of the crusher modifies the resulting 
shock. The suiwival time of animals inoculated with Sir. Iccjitolyticw'; is Uvo 
hows Uss than the control animals, and those inoculated with CL wclchii sur- 
vive three hows less than the controls. Staph, aurew injected into the thigh 
muscles before injuiy does not alter the survival time under the conditions 
of these experiments. 

There is no greater fluid loss in the infected animals tlian .in the controls, 
and the decreased survival time is considered to be due to the infection of 
traumatized muscle and to circulating bacterial toxins. The infected animals do 
not have a secondary rise in blood pressure following the primaiy fall. 
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Frank IIinman, IM.D., San Fuancisco, Caiji-. 

(Fiom ihc Dhision of Siirf/cty. Sitl/diri-iion of XIrolo;ty, Univcnily of California 

ytcdir-al School ) 

nnnE slrueliire of tlic kidney is infrieale and our present knowledge of parts 
■I and components lias been achieved Ihrongli years of study by many men. 
Such names as Bowman, ]\Ialjngbi, ITcnle, and Scliweiggcr-Seidel ai’C symbolic 
and others, Petej', nul)cr, Traut, etc., arc classical in this field. Although I’cnal 
structure is now well known, o])inions on certain structural relations still differ. 
There is no fast agreement on the struetural unit and its correlation with the 
functional unit, on the renal lobule (or psendolobulc), on nutrient arterie.s, end 
arteries, or arteriolae I’cctae spuriac. (Is all blood to the tubules postglomeru- 
lar?) Strangely enough, the tubular structure of the kidnej- has been studied 
over all these yeai’s by means of .fust two mctliods, reconstructions and teased 
dissections. During this jieriod such men as Cohnlieim, Ponficlc. Suzuki, Fabian, 
Stx'ong, Clark Johnson, and others liave studied the tubular changes of hydro- 
nephrosis by the .same two methods. Unfortunately, neither method demon- 
strates satisfactorily the later changes of hydronephrosis and, consequently, 
there is much room for differences of opinion. Investigators interpret differ- 
ently the discoveries made by the same method. Two recent contributions from 
the findings of the maceration-dissection method illustrate this point. Many 
questions may have to remain unanswered xmless a newer, more accurate method 
of demonstrating the changes than either of these two is discovered. 

The outer and inner changes of hydronephrosis are familiar to every stu- 
dent of pathologj’. Oixtwardly, the whole kidney looks engorged and cystic. It 
is tense and distended. It is obviously overfilled. On section, the pelvis collapses 
and, with the escape of its fluid contents, all that is left of its inner surface is a 
shell of parenchyma shoxving corrugations, the umbrclla-like ribs of which con- 
form to the pai'ticular type of vascular tree of the species of animal (Pig. !)• 
In the past, descriptions have been largely of the changes occurring after com- 
plete ureteral obstruction in e.xperimental animals, and have been confined a 
little too closely to tubular changes. Nevertheless these studies are useful since 
the changes in animals no doubt ai-e similar to those occurring with partial 
obstruction of the human kidney. The unipolar kidney (rat, guinea pig, rabbit, 
cat, dog, sheep, and whale), however, is stimcturally different from the multi- 
polar Iddney (cow, monkey, pig, seal, and man). JIany of these kidneys also 
have their own tubular peculiarities. For e.xample, the Henle loop in seals is 
short and in rabbits, long. The venous circulation of the cat is ixnique, totally 
different from all the others, and the changes of hydronephrosis in eats differ 
from the others in the absence of the xisual jirogressive enlargement (Fig. 2). 
Birds, reptiles, amphibia, and fish have apelvic mesonephroi without papillae. 
They show tubular dilatation and atrophy, it is true, but of a kind as different 
as their structure. The aglomerular kidneys of Teleostomi probablj^ would not 
become liydi’onephrotic at all because basically hydronephrosis is glomerular. 


Recei\ed for publication, Oct. 6, 1944. 
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Pig 1 Photograph of the innei cut suifaco after sagittal section of an advanced 

hvdronemrroka fiom a uretoropelvic partial obstruction. Note the intrarenal typo of pyelec- 
tasis the calvcal cavities and the vaiying thicknesse.s of the paicncUyinal run. The inside 
ribs aie formed of larget blood vessels which are resistant to backpressure and the best pre- 
served parenchyma is tliat with tlie least anemic atrophy. The whole parenchymal area never- 
theless still shows functioning glomerulo-tubules (See photomicrographs from areas I, II 
and III repioduced in Figs. t. 6 and 7.) (This luiman specimen is most unusual in the ab- 
sence of all infection and of all evidence that there ever has been any.) 

Pig, 3 — The corticoniedullary line demonstrated by ai terial injection of barium sulfate 
m complete ureteral obstruction, seven dais in duration, of a unipapillarv sheep’s kidney. 
Note the compression of interlobar and arcuate veins by pelvic distention. (From l-lmman F. ; 
Surg , Gynec. & Obst. 58: 356, 193*1.) 



Fig. 2. — Intrarenal type of li j dronephi otic atrophy in the cat. A, Complete obstruction 
thirty-eight days shows a similar degree of hjdionephrotic atrophv but 
iiithout the gross enlargement as in other animals, S, The peculiar eAteiiial airangement of 
(he venous circulation of Die cat as compared to other animals with unipapiTlary kidneys. The 
tclns on the surface act as an oncometer, preventing mucli enlargement. 
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Tlie changes in a rabbit cannot be accepted, therefore, as gospel for man or other 
animals. 

Traumatic is the M’ord for the eaidy changes of hydronephrosis. The surface 
of the kidney looks edematous and hemorrhagic. On section, engorgement marks 
the eortieomcdullary line and bloodstveaks radiate from that line outward into 
the cortex and inward toward the papilla (Pig. 3). The mushy papilla early 
shows sirperficial splits, later torn excavations, and after several days it flattens 
out and disappears. These traumatic changes characterize early stages; later, 
the epithelial surface of the dilating pelvis becomes intact, the continuity of the 
pelvic epithelium with that of collecting ducts having been restored. Pelvic 
tears are no longer seen. During the flist few days the ])elvic content, usually 
blood tinged, gradually increases in amount uj) to fifty or sixty days (rabbit), 
after which it diminishes and the renal weight parallels these changes (Table 
I). The rim of renal parenchyma grows thinner as dilatation progresses but 
retains its eorticomedullaiT distinction almost up to ultimate destruction (Pig. 
4). 


Table I. Kel.atiox of Fluid Yolumf, to Eexal \Vzigut ix Prooiiessiyf, HYDRONF,raRosis 


Duration of 1 

obstruction 
(days)* 

0 

10 14 

21 28 

3C 

40 

01 90 

114 103 

231 

Yolume of pelvic 4 
fluid (in cuiiic 
centimeters) * 

0 8 

O.C 10 

12 1S.4 

35 

40 

40 15 

12 10 

0 

Approximate 100 

110 

150 

170 


ISO 

100 

SO 

00 


weight of the 

liydronopli- 

rotic 

Iddneyt 

•From Strong. Kenneth C. : Arch. Path. 2»j 78, 1940. 

tAfter Ponflck: Ucitr. z. path. Annt. \t. z. aUg. Path. 40: 127, 1910. 

The tubular changes arc hard to follow microscopically because the ability 
to distinguish different components of the unit is soon lost and therefore recon- 
structions which can be made of the early stages are impossible in later ones. 
Dilated, collapsed, and atrophied parts of a tulmle soon look alike and proximal 
or distal convolutions, ascending or descending limbs, connecting or collecting 
ducts become indistinguishable. Glomeruli remain longest, many in good pres- 
ervation, but what has happened to their individual tubules has long been a 
matter of conjecture. Some proximal convolutions and Henle’s loops also sur- 
vive, apparently as scattered remnants in a mass of atrophy. Are these tubular 
components and these glomeruli still functioning as units or have certain parts 
of a tubule as well as its own and other glomeruli each become independent? 
After all, the tubule is not the whole of renal structure nor is it the essence of 
renal function, or even the unit of either. It takes a group of glomerulotubules 
to form such a unit (Pig. 5) and this is locked inseparably with blood supply. 
In understanding the pathogenesis of hj^dronephi'osis, therefore, the vascnlar 
changes are no less important than the tubular. Finally, what is the effect on 
function of these progressive changes of hydronephrosis? Comparing the micro- 
scopic sections of two kidneys, grossly appearing to have about equal degrees of 
hydronephrotic atrophy, one caused complete and the other by partial ob- 
struction, so similai' ai’C the changes that it is not possible to distinguish between 
them. The kidney only partiall 5 ’' blocked eei'tainly has been functioning all the 
^ lime, even if less and less efficiently. Why would the Iridney totally Mocked not 
» 4ave had to be functioning all the time also and, if not, why are the pathologic 
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elvangcs so cxaelly llie suwcl AH of these progressive changcs-phylogcnctic, 
tubular, arterial, venous, and functional— arc certainly interrelated and iogeilicr 
can give some inkling of what goes on in a kidney with a blocked ureter. Even 
with the exercise of a good imagination, conclusions from a study of tubular 
changes alone are incomplete, just as is Suzuki ’s division of the progressive 
changes seen on microscopic .studies with indigo carmine intravilally, into tie 
three” stages of (1) general dilatation, (2) beginning eollapsc of “Hauptstiieke 
and Sehleifenshenkel,” and (3) terminal collapse of collecting ducts. 

Ihihidar Chmiges.~ThG ultimate subdivision of renal structure leaves a 
glomerulus and its tubule. They arc indivisible although Oliver suspects, from 
having discovered aglomerular tubules and atubular glomeruli in his dissec- 
tions,”that these glomerular and tubular components do function independently. 
The single glomcrulo-tubule, however, is not a complete functional unit but must 
be grouped”with others of its kind in order to function normally. The first effect 
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Fig. 4. — Tubular changes. Photomicrograph of the area / of tho ; ^.’ney 

shown in Fig, 1. Note the more or less uniform dilatation of the ' ■ ■■ ■■ ' ■'irly 

good preservation of ^ proximal and dh "; i-. as 

a rule be identifted, ■ Ming tubules. In ■ ;.',ops 

are indistinguishable ' ^rtions of tiie collecting system which thev 

paraUel (&). The te’ • ducts are the most dilated of all and their 

elongation is indicate usually either obliquely or longitudinally (c) 

rather than straight across tas the tubules in b). This picture demonstrates the dimcully of 
mterpretmg the later tubular changes correctly from microscopic and camera lucida recon- 
structions. There are no longitudinal rays of tubules in the cortex as seen in thicker parts of 
the parenchyma (see Figs. 6 and 7). ^ 


of l)(ick piGssiiic on tliG tiibiilG is dilstntioHj most mcirlicd. in the collGcting ducts, 
but more or less general in all tubular components in all poles and regions (Pig. 
6) . Soon tlie epitbelium whieli lines some dilated duets sbow.s flattening and that 
which lines other collapsed duets alongside shows atrophy. AVith atrophy comes 
replacement with leucocytes and connective ti.ssue until, finally, interstitial 
fibrosis replaces almost all tubular structures. Eight to the end closely packed 
glomeruli persist in compressed areas with little if any fibrosis or hyaline change 
(Pig. 7). AVilli them are cystic collecting tubules whose connection, if any, 
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Fig. 6 Photoinici'ograpSi from area If o£ Fig. 1. T!\c upper limits of two calical Cavities 

(X) show closely packed collecting ducts encircling and entering tiiem. The rays of longitudin- 
al tubules throughout the parenchyma arc tubular cores of structural units (Fig. 5). In B and 
<7, glomeruli and tubules to the left of the core of collecting ducts are much more atrophic 
tlian those to the right. Tlie encircling glomeruli of tliis particular unit group of tubules get 
blood from different interlobular aftorios lining the circuniforenco of the cylinder and tliose at 
the left in S and <7 have been pinched or coinpres.sed more tlian tliose at the riglit. 


Fig. 5. — Renal structure. 

A, Reconstruction of. three glomerulotubular units, a structural but not a functional unit. 
(A) Diagram of a tubule, tiie renal corpuscle of which is situated in the lowermost portion of 
the cortex; (B) about the middle of the cortex; (C) in the outer portion of the cortex, (m) 
Renal (malpighian) coHipfiscle ; (u) vessel porta, (ri) neck; (jio) pro.ximal convoluted portion: 
(es) medullary segment,' (di) descending limb, (nJ) ascending limb of medullary loop (loop 
of Henie), (do) distal Convoluted portion, <f) junctional tubule (c) collecting tubule. (Prom 
Huber, G. Carl; The Harvey Lectures, 1909-10, pp, 120.) 

B, Photomicrograph of collodion cast of two interlobular arteries with glomeruli. 

G, Photoniicrogi'aph of a glomerulo-tutaule isolated by the metliod of maceration and 
needle dissection (Henle’s loop is missing). (From Oliver. J., and Lund, E. : Arch. Path. 35: 
755. 1933.) 

D, Model' drawing of the vascular-tubular relationship with .a cylindrical group of 
glomex-ulo-tubules packed around the core of their collecting ducts roughly in the form of a 
pyramid with the glomeruli surrounding it peripherally. (A) The central tubular arrange- 
ment with peripheral circulation, forming a cylinder-like unit. Tubular arrangement shows 
(a) proximal convoluted portion, (h) loop portion, (c) distal convolution in neighborhood of 
proximal, (d) the connecting piece, (e) the collecting duct, emptying into (/) the common 
duct of Bellini on the renal papilla. The arterial tree is shown as (i) the interlobar or ar- 
cuate, (2) tlxe interlobular, (.?) the afferent glomerular, (i) glomeruli arranged in circular 
manner about the tubular core, (5) the efferent glomerular, and (C) the arteriae rectae. (B) 
represents the unit without the tubular system drawn in, showing the venous tree, (f') The 
plexus of collecting veins, (S') the venae rectae W'hich is also a plexus, (S') the interlobular 
veins, and ( j' ) the arcuate and interlobar veins. ( Prom Hinman, F. : Principles and Practice 
of Urology, Philadelphia, 1935, W. B. Saunders Company.) (See Pig. G.) 

E, Model sketch of a functional unit conceived as a tree with its trunk the collecting 
duct with neighboring ones in outline. The unit is reconstructed from the accompanvlng illus- 
trations: (A) The collecting tree, <B) the interlobular arteries with their glomeruli, (G) a 
compact glomorulo-tubule (Henle's loop not shown), (D) the vascular-tubule relationship. 
The unit is a cylindrico-pyramided group of glomerulo-tubule.s emptying into one collecting 
duct which branches out into the group dichotomously like a tree to its fruit. The group i.s a 
unit, however, only with reference to a duct in common. The blood supply comes in at the 
periphery from many different interlobular arteries which also supply glomeruli of neighbor- 
ing cylindrico-pyramidal groups of tubules. It is obvious that the effects of obstruction of the 
collecting duct might bo more or le.s.s uniform but that the effects of anemia in the group might 
\aiy enormously if some interlobular arteries were unaffected and others constricted. 
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from area III, Kig". 1. Glomenili are scattered and fewer in 
replacement by connective tissue are clearly seen even in the 
rna^lfication (A). The foreshortening and tortuosity with atrophy are shown in 
ts and fibrosis is pronounced in the Jower portion of C. 




Fig S — Kepair of h^ dronephrosis m the rat o, Sagittal section of tno entire kiclnejs 
after complete ureteral obstruction lasting nlnetj-fl\e and fortj-nve da>s. respectnelj The 
rim of parenchjma is \ei\ thin b. The repair lc^dne^ and its hrpertrophic mate 119 dajs 
alter relief of a complete ureteral obstruction sixtj dass m duration Theie is one repair 
nodule In the central aone which stands out lighter in color m the photograph because of the 
intravital stain. This nodule, honerer, would not maintain life aftei remoial of the opposite 
Kldnej. c. Photomicrograph <high power) of a portion of the repair nodule (6). The Intra- 
lital stain is deepest in conioluted tubules winch aie seen to be h> pertrophied when com- 
pared with a similar section of a normal Kidnej, shown in d (a, h and c from Hinman F 
Tr. Sect. Genito-Urln Dls , A. M A. pp. 301-117, 191S , <1, from Hinman, P. • Tr. Am’ A. 
Genito-Urln Surgeons 35: 259. 1922.) 
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witli these glomeruli has remained unsolved until just reeenlly partially dis- 
closed l)y actual dissection. The foregoing changes are progre.ssivc, hut, not 
uniformly so, throughout the. kidney. TJie renal jiortions showing slowest prog- 
ress in hydronephrotic ati'ojdiy difler u'ith .s])ecies. The glomei'ulo-lubules of 
either one or both pole.s function longest in dogs, those of the central area, long- 
e.st in rats and rabbits (Fig. 8). In man, the renal jmrtions relatively less 



Fig. 9. — Glomerulo-tubular units isolated by the method of maceration and micipsc^ic 
dissection. {10) A normal glomcrulo-tubule (A) and its collecting duct tree (B). iA) The 
usual grouping together of proximal and distal convolutions has been split by dissection (•^^e 
Fig. 13>- (B) The collecting duct .'^hows division to the seventh degree ; note its length. 

{11} Proximal convolutions unraveled from the central portion after six days oDSlrucuon 
shov.’ atrophy which, after fourteen days, has become marked in the lateral portion {12), put is 
slight in the intermediate portion (13) after twenty-one days (see Fig. 10) ; one convolution 
from the intermediate portion {!)) is even well preserved after twenty-eight days. In 
is a convolution three days after obstruction and in { 16 ) are normal isolated ducts of xiel- 
Ihii. (From Strong, Kenneth C. : Arch. Path, 29: 77, 1940.) 
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affected liy Jiydroiicidirotie alrojdiy vary lariioly, as will bo kIiowii, aeeordinfr to 
the circulatory arji-anfiemeiit, the slowest proyn-ess of atrophy heiiijr where ))lood 
vessels are the least compressed by tubular and ])elvie dilatations. Pre.ssnre 
atrophy is more or le.ss uniform throuirhoul the Icidiiey but anemie atrojdiy is 
not. This variation in the J'ate of tubular atrophy in differfuil renal ])orlions is 
seen microsco)^ieally (see h'i^s. G and 71 and is demonstrable by disseetion (I'^igs. 
9 and 10). dust what happois when all portions of a tubule have al?-ophied can 
only be surmised. Do <i:lomeru1i retain a duct throuttb which their filtrates can 
drain directly into the pelvis, as stated by b’uchs trom induction and demon- 
strated by /ohn.son (Fiy. 11), or are they comi)lele]y isolated as inlerjn-eted by 



^^hcl, I,a,] be™ ob.stn.X,I \on « lOdney, the ureter of 

iOion m hydroeWoH? ackf) fton ' ^ > econ.structed from tubules dis- 
S d'lys The vm rabbits kid- 

atrophic than tiio central (C) and latera according to 

foreshortened, while those of tlie 1- fluct-s of the 

the intermediate jiortion. (Prom Strong. Kenneth c!? Aie,,. oath. Sbi 77. 
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Strong (Fig. 12) ? Pcrha])s l)otlv 1hc.sc proressc-s occur. Tlie method of macera- 
tion and dissection is incom])ctcnt to answer this question fully (Fig. 13). AVith 
increasing difficulty and uncertainty arc the delicate, thin-walled ducts teased 
out intact from the matrix of connective tissue embedding them deeper and 
deeper as hydronephrotic atrophy progre.sses. An isolated portion believed to 
he the one remnant of a unit may he an artifact of the method, a portion broken 
off from the Avhole by the dissecting needles. Even the disconnection of tubules 
and glomeruli which Oliver found in chronic nephritis and cited as evidence of 
continuing but unconnected activity may be so interpreted. “Two A’eiy old 
histologic methods have demonstrated that a tubule may persist in hypertrophic 
form when its glomerulus is reduced to an almost bloodless mass of collagen 



Fig. 11. — Tubular changes. The end stages of hydronephrotic atrophy as demonstrated 
by maceiation and needle di'^section (Johnson 1932). Some Bowman’s spaces with glomeruli 
in fairly good condition empty (glomerulai flltnte) directly through dilated ducts into the 
distended pelvis, the content of which is now a filtrate. Tubular function has ceased. Back- 
flow possibly' occurs up some of these ducts through glomeruli with low pressuie. (From 
Johnson. Clark M : J. Uiol. 27: 279. 1932.) 


(Oliver, 1933), that the disruptive processes of disease may cut off UCbules from 
(jlomeruli, and that these isolated tubules not only survive but maintain evidence 
of vital progressAe changes” (Oliver, 1935). In Fig. 14 is shown Oliver’s 
aglomerular tubule and atubular glomerulus but the chances, inherent in the 
method, that these ‘ ‘ tAVO blind ends ’ ’ have been torn apart or that this glomeru- 
lus belongs to another tubule and the tubule to another glomerulus leave some 
doubt of Oliver’s interpretation. ElseAvhere he shoAvs intact atrophic units 
(Pig. 15). Strong grants that tubular remnants are “undissectable” and “un- 
identifiable” in any portion after 114 days. Yet even after the removal of 
much longer obstructions, enough of them remain intact to form a repair nodule,*' 
and glomeruli, tubular remnants, and dilated collecting ducts survive obstruc- 

‘Thus explaining the meaning of the term "group distribution" which Strong questions 
.on page lie of his paper. 
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1 4 .m lo»- The eoudvisio.is Iwm'.I on this method alone, thevc- 

tions more than Uvice as lon^. i im t 





Fig. 12.- Pl-ct- ' .;■ 1 I ;t 1 ' ■■ <•:.• '.•■=; a cross section of a rabbit's kidney obstructed 
twenty-eight t.; ' ■ ■ . i ■ a corresponding area reconstructed from tubules 

dissected out ; ■■■■• r.ri- o'. .•.cys obstructed twenty-one and twenty-eight days. 

Very tew conv ; '. !. ■ . many apparently had blind endings, yet a rabbit’s 

kidney obstruct^.d tv^lCe as long or longer will show considerable repair after removal of the 
obstruction. (From Strong, Kenneth C.; Arch. Path. 29: 77, 1940.) 


vascular and tubular distinctions ; above it are glomeruli and the efferent capil- 
laiy plexus, below it, arteriolae reetae and the collecting tubules (Fig. 19). 
All tubular convolutions are above, while the medullary loops and collecting 
ducts lie mainly below. Some semblance of the foregoing vascular division on 
this line remains tlironghout progressive hj’-dronephrotic atrophy, as • ,. be 
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shown by tlie nietliods clesoribecl, so that Ihc Inbulai' dislribnlion above and 
below it must likewise ])crsis{ in some form. ><\s llic interlobar and arenate 
vessels stretch and their calibers diminish witJi pelvic distention, only those 
interlol)iilar arteries which have not been siml off ])y the compression continue 
snpplyinfr blood to their filomenili and the.se, throufrli postglomerular capillary 
plexuses and artcriolae rcctae, continue to nourish the corre.s])onding tubular 





Fig. 13. — Glomeiulo-tubular units isoiatecJ after maceration by neeciJe dissection. (Fiom 
Oliver, J., and Lund, B. : Arch. Path. 15: 755, 1S33. ) 


components. This leads to great differences in the rate of progress of hydro- 
nephrotic atrophy throughout the parencliyma of the same kidney. Those 
parts disappearing first have the poorest blood supply and vice versa. This 
accounts for the group distribution of survival, iiermitting isolated repair nodules 
in experimental hj^dronephrosis. The elongation and thinning' out in caliber of 
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Kig. 14. — The finding wliich iniKht point to indepoiulcnt function of glomoi-iili (ntuljnlnr) nnd 
tubules (aglonierular). (From Oliver, .1.. und Uney, A.: Arcli. I’alli. 1!): 1. IflSS.) 



Fit 
atrophic 
unit afte- 
1S33.) 


...ucrulo-tubule (right) and an 

.auon by needle chssect.on. (From Oliver. J.^a^d A?Sh. Pau\. 
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the main arierial subdivisions, that is, the inlerlo1)ar and arcuate branches, are 
accompanied by shrinkage of the interiobniar arlerics Avith attenuation of the 
capillary plexus of the cortex and tortuosity of artoriolac rectae of the medulla 
(Pig. 20). There is considerable difforence later in the size of glomeruli (denied ^ 
l)y Strong), whieb Avould indicate the pos.sii)ility of compensatory hypertrophy 
of some glomeruli, similar to that observed by Oliver in chronic nephritis. 

T cnom Chanacs . — The venous changes are best shown by x-ray stereoptieon 
(Pig. 21) and injections of Berlin blue (Pig. 22). The general changes are 
similar to those of aecomj)anying artcrie.s. 



Fig. IG. — ^Arterial clianges in tlie iiydroncphrotic kidnev of tho rabbit, as demonstrated 
by collodion injections, a, twenty-one days: Tlie pelvis has also been injected and shows how 
the circulatory tree is compres.sed and stretched by the progressive pelvic enlargement. The 
interlobular arteries at the rim are still numerous and fairly straight, b, twenty-six days: 
Marked elongation of the interlobar arteries with foreshortening and tortuosity of the inter- 
lobular arteries, e. Enlargement of a portion of b, showing clearly the increase in length and 
the diminution in caliber of the interlobar (.-t) and the arcuate arteries (B), and the marked 
change in the interlobular arteries (O’). (From Hinnian, F., and Morison, D. M. : J. Urol. 11: 
ISl, 1924.) 


DI.SCUSSIOX 

When the tubular and vascular alterations mentioned are related one with 
the otlier, it is seen that two pathologic processes produce hydronephrotie 
atrophy. Undoubtedlj', tubular and pelvic distention cause pressure atrophj’’, 
but the effect of this distention on blood supph* superimposes an anemic atrophj^ 
Levy, Jlason, Hari’ison, and Blalock have slioini the gi’eat reduction in the flow 
of renal blood in simple hydronephrosis, and if this reduction is increased bj' 
arterial constrictions or ligations, atrophy and dilatation are accelerated (Fig. 
23). The sudden increase of pehde contents at from fourteen to twenty-eight 
days of obstruction (Table II) is not readily explainable. It may possibly be 
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j'lg 17 . Arterial changes A, Normal, note the size at the base, und the direct blanch- 

ing to small straight interlobular arteries. B, HydronephiosW (pyelcctusls donionslintod by 
distention with air). Note the group distribution of arteries (vessel to loner pole not in- 
ipctedl and their long, arched, tapeimg course to the foreshortened, ciooked mterlobulni ar- 
teries. (From Hinradn, F, and Monson. ©. M ; J. Ujol. 11: 131. 1924.) 



nith Berlin blue^*l^ondS!^^hi hjdronephiotic atrophy (rabbit) after injection 

least co"nstne"Je"l; Sfnla & 
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Fig. 13. 


Fir-, 20. 


Fivr. 13. — ,\rt<.‘tioIao icctnc (Berlin blue) boloxv the coitleomoiUillnrv lino of a 
Kidney. (From Hinman. F., Jtori.>!on, D. M.. and Lee-Brown. K. IC. .7. A. Jl. A. 81: 177, 
Fiff. 20, — Arterlolao roetae {Berlin bine) In a li>dronei>Iirolic hidnev (r.-ibblt). 
Hinman, F., and Mori.«on, T>. M. ; J. Urol. 11: 131, 1321.) 


normal 

1323.) 

(From 



Fig. 21. Fig. 22. 

Fig. 21. — Venous sy.stem of the Kidney of a sheep whicli has been injected by ^vay of 
tlie ureter, showing the radial cour.se of the interlobular vessels and the circumferential di- 
rection of the larger arcuate branche.s. The pelvis is well outlined and the rupture has oc- 
curred in a minor calix. (From Hinman. F. : Surg. Gynec. & Obst. .38: 356. 1931.) 

Fig. 22. — Photograph at the corticomedullaiw line after venous injection (Berlin blue), 
showing the secondary capillaries in the form of plexuses about convoluted tubules of the 
corttx, ami the venae rectae, in the form of cylinders about Henle’s loops of the medulla. 
(From Hinman, F., llorison, 11. M., and Lee-Brown, R. IC. ; J. A. M. A. 91: 177, 1923.) 






Fie. 21. 


> ection*'^(5f’ intS-lobuT^* 'VV*>icI> has been injected by way of 

""■"Vi^ -'‘i- <FronridTn'^';f,n7li''? ^ 

(hiom Hinnian F Moi iinn ii "i of cvIindeA ohn.ff^u* ooovpliited tubules of tlie 

. c., iMonson. D. n., and I>ee-BrmVn t? t- Henle's loops of the medulla. 

c Dioun, «. iv. : j. A. JI. A. Ml: 177, 1923.) 
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Bven aflcv many yoavs of study by many difi’orcnl men, iho structural 
changes of liydroncplirosis are poorly understood. 
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(From the Division of Stirprry, Suhdivision of Vroloyy, Vnirersity of California 

Medical Fchool) 

IXTRODt’CTIO.N* 

A LIIOST two deeados should have increased our knowledge oi' hydronci)lu’Osis. 

Tile advances, however, have been largely in llic surgical field; little has 
been added to the fundamcnlals of palhology and diagnosis. Never! hclcss, this 
offer.s a somewhat belter undcr.standing of what has long been a pathologic 
enigma. Primaiy atrojiliy and fpiiek death are llie doom of other glands after 
complete obstruction of their ducts. The kidney meets its ine%'itable end dif- 
ferently. Tlie dost met ion is iirolonged for montlis and, should obstruction be 
relieved before the complete ruin of all its .secretory units, the.se few will recover 
and still function. ITydroncphrotic atrophy is distinct and separate from pri- 
mary or any other kind of atro])hy. It is unique, and its mechanism is almost 
as dimly glimp.sed as is that of the secretion of the ^u■ine. Tlie surgical advances 
have been mostly in the relief of obslrnetions at the ureteropelvic juncture and 
the methods, rarely original but borrowed largely from those used in relieving 
similar intestinal obstructions, arc new to urology and mark an advance in this 
specialty. Nevertheless, like all things in medicine wlien new, they are overdone. 
Conservation by plastic surgery has about reached its zenith of popularit}’’ and 
from now on the renal surgeon, having gone through the stage of comuncing 
himself or being convinced that he can repair everything, i)erhaps occasionally 
will ask himself before o]3erating, Avhat good will operation do this patient? 
The conservative surgeon of the future will not be the one now so considered, 
who removes only the functionless kidney, repairing all the others. After all, 
this policy of surgical repair so boastfully endorsed by many shoAVS operatiAC 
skill only Avithout understanding or judgment of renal physiology. Tliese tAvo 
aspects, therefore, namely pathogenesis and surgical treatment, aauII be particu- 
larly discu.s.sed and modernized in this and the papers to folloAA'. 

Definition . — Hydronephrosis is the term applied to the renal changes of 
distention and atrophy AA'hich folloAV urinary obstruction. The firrid causing the 
distention is urine, and the condition presupposes continued secretion of urine 
in spite of the obstruction. The content of the sac becomes more dilute as the 
degree of hydronephrosis progresses, until, in the fiiral stages of complete hj'dro- 
irephrotic atrophy, it is nothing but Avater aird salt. The term hydroirephrosis 
appeared first in Kayer’s Trait e des Maleidies dcs Reins (1841). Hj'drops renales 
(Eokitarrsky), hj’drops rerris (Martineau), urorrephrosis (Guyorr and Albarran), 
saclrrriere (Kilster), irephrohydrosis (Aschoff), and nephrectasis (Morris) have 
been used as synoirynrs. The couditioir is, of course, to be distirrguished from 
cystic charrges in the kidrreys sirch as solitary cyst arrd polj'cystic kidneys. Fur- 
thermore, the condition is irot to be confused with pyonephrosis Avhich Avas tie 
term applied by Eoberts, in 1896, to a suppurating hydronephrosis, but has since 
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como lo define a completely obstructed kulnoy full of juts that follows imv^n-es- 
sivcly a pronounced pycloneplu-itis. A suppurating bydrom!]>l'vosis is dtfieven- 
tiatcd by the term infected bydvonophrosis, but with severe pyelonepbntis an 
infcclcd bydvoucplwosis may undergo secondary ali’ophy and^ become a pyo- 
nephrosis.* In the following pages, the term Jnjdroncphro.'iis will be njiplied to 
renal changes of obstruction without infection; that of uxjccicd hudroncphrosis, 
to the foregoing condition which has a .secondary infection imposed on^ it; and 
pyoncpJxrosis is used lo de.scribc a kidney full of juis, without function, and 
with little if any pelvic distention. 'Whatever distention may be ])rc.scnt is 
caused by pus ratber tban uriue. 

Tlie modern liypolliesis pul forward to exjilain renal activity of filtration 
reabsorption with some secretion is not too scenre. One weakness is Ibat our 
growing understanding of wbat goes on in hydronephrosis tends to undermine 
the theory as it now stands. Perhaps one or another of the types of backfiow 
in hydronephrosis is noi solely pathologic. Of this we arc unecriain, but like- 
wise we ai’e still nncertain about many of the sirnelural cliangc.s (Jlinman) 
occurring in hydronephrosis and without knowing the.so, correlation between 
structure and function is as impossible as reconciliation of normal and Iiydro- 
nephi’otic functions. That, with one exception, renal activity of sonic kind 
continues after complete ureteral obstruction is certain. This exception is 
anui’ia with which hydronephrosis never develops, hlvory h>'dronephrotic kid- 
ney is a functioning kidney. This was the idea in mind in comparing the con- 
tents of the kidney to a fresh-water lake, an inflow and an outflow. Strong 
(see page 110 of reference) ob,iccts to this simile; “Although the pelvic confent 
obviously is not ‘stagnant’ it at no lime rcscmhlcs a ‘fresh-water lak'o.’ It i.s 
commonly aclmowledgcd that the pelvic fluid cpiicklj' loses the character of 
urine, and it must therefore he granted that the organ has ceased to function 
as a kidney.” This statement cannot he granted since, with partial obstructions, 
the kidney functions and, except for the rate of production, the pathologic 
changes are indistinguishable from those present with complete obstruction. 
Too little attention has been paid to these functional changes which may have 
considerably more significance in renal physiology than anyone suspects. 


FUNCTIONAL CHANGES 


Tliat the content of the renal pelvis is not simply an accumulation can be 
shown in several ways. If 1 e.c. of phenolsulfonphthalein is put in when the 
ureter is tied, the dye will disappear witliin forty-eight liours (Table I). An- 

Tabm I. Disappearance op Phenosuefonphtiialein Pkom an Obstructed Pelvis of the 

Babbit’s Kidnea' 


After 24 hours 


After 4S hours 


After 90 hours 


After lOS hours 


left ureter injected 

IVITII FROM 1 TO 1.5 C.C. 

lOP DYE, DOVBEY LIGATED 

[AND DIVIDED, IN RABBITS 
- __ 

2 

^ 

5 

-1 

7 

8 



9 

10 

11 


Not oatiDiulcC 
0.0 
C.O 


tProTO Hliiman, F., and VecUt, M.; 


J. Urol. 15; 267, 1.- 



838 


SUHGKBY 


alyses of the content also show lliat, except for red Wood cells and albumin from 
trauma in earlier stages, it resembles more and more that of the glomerular 
filtrate. Intrapelvic pre.ssures also gradually diminish as hydronephrosis pi’o- 
gresses, as do recoveries of function after removal of the obstruction. These 
and other facts indicate that renal work of some kind goes on for .some time 
after the ureter is tied. Since the products of excretion cannot drain off by the 
usual route, some other pathway mu.st be used. A probable one is tubular re- 
absorption in excess of normal. Through the tubules arc sucked back huge 
amounts of water, about 90 per cent of the glomerular filtrate (Richards) and 
probably as much as 99 per cent in oliguria. The structural plan of loops in 
a capilhnw net is ])erfect for realrsorption. Nevcrthcle.ss, that route, effective 
through osmosis only, is thought by many to be insufficient to explain the 
mechanism in hydrono])hrosis. IMoreovei’, Ilenle loops soon di.sapj)ear. 



Figr- 1. — Drawing: of a minor calix; tlie fornix calicis is at S. (From Narath, P. A.. J. Urol 

43; 145, 1940.) 

The caiiillai'ies of a glomerulus are directly in contact with the lining of 
Bowman’s capsule. There is no iiiterstitium. Throughout the kidney elsewhere, 
with one exception, tissue spaces separate tubules and vessels and tliese spaces 
often show the accumulation of fluid present in edema. The one exception is 
the fornix calicis ( Pig. 1 ) . At this point the calical or, in unipapillary kidneys, 
the pelvic epithelium joins that covering the papilla at an acute angle and in 
this transition acquires endothelial properties hy which a direct relationship 
to capillaries, very similar to that in glomeruli, is established. It is possible that 
under certain conditions of diuresis (Puclis, 1936, 1937, 1938) or of peristalsis 
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(Narath, 1940), absorption of total urine may occur ])hysiologically without 
fornical rupture. 

Overtaxation of tlie transportation sj-steni in extreme i)olyuria is prevented by 
means of ttie fornical apparatus. Tlic progressive loss of muscular tonus of pyolon 
and calicos during an increase in diuretic rate induces piogrcssivc extension of 
the fornical mucosa and fornical icabsoiption sets in. Thus, .such an amount of 
total urine as is cxerclod by the kidney in c.xccss of the transportation capacity 
of the pyelon and ureter is reabsorbed by the fornical apparatus, and any increase 
in intrapolvic pressure that might interfcic rvitU continual renal excretion is 
prevented. The j)rocc.oses going on uithin the kidney have acquired independence 
of the facilities for urinary transpoilation towaid the bladder. , . . Tims, renal 
e.\-cretion is independent of iirinaiy jctcnfion. Piofracted retention in coincidence 
ivitli polyuria, as rvoll as e.xtiomo polyuria alone, can create a discrepancy between 
diuresis (as suboidinatcd to metabolic exigoncie.s) and transportation facilities 



Fig. 2.— Narath's idea of physiologic transflow. (From Narath, P. A.; J. Urol. 43: 145, 1940.) 

(as partly subordinated to the relations with the environment). That discrepancy 
is solved first by means of the tonus. After having reached the limits of tonus 
regulation, fornical leabsorption eventually sets in thus rendering the kidney 
rather free to do its excretive work. Thus homeostasis of intrarenal conditions 
is partly aclvieied by interpolation of the fornical apparatus between the kidney 
and the outside world. (Fuchs, 1944.) 

It is possible to rupture the fornix with syringe pressure as well as gravity 
methods in the course of retrograde pyelography and to press the contrast medium 
into the sinus renabs and even fuither up, injuring the venous system as w-e shall 
see later. I want to emphasize, however, that in our investigation the rise in 
pressure is produced by the kidney and the renal pelvis alone. If we still believe 
that wo deal with a rupture of the fornix, then we must believe, too, that cverj- 
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colic, even a slight one, nipt\iie3 the fornix of the calyx. I saw these absorptive 
processes starting, however, at a tnoincut when the pressure aas not felt at all 
b,v the patient or the increase in iiressiire caused only a sligiit discomfort. Further- 
more, there are observations reported in the litcrafuio which find their explanation 
only by an absorptive process. (Narath, 1010.) (Fig. 2.) 

Since pyelovcnous backflow i.s jjossible pliysiologically (Fuchs and Naratli), 
it would be much greater after ureteral olisl ruction. Winton (3937), after 
.stud) ing the relationshiii of Itlood pressure to ureteral pressure, ])ut it as follows; 

It is clear that the experimental evidence, underlying the pressure-flow rcla- 
lations which arc implicit in the filtration-reabsorj)tion thcoiy, is far from satis- 
factory, and as long as this lemains so, renal physiology cun hardly be regarded 
as secure from an intrusion by tlie unexiK'ctcd (p. 4.'!2). . . . The simplest escape 
from those difiicultic.'-, compatible with the filtration-icabsorption hyimthcsis in 
its original, or in its modern form including .secretion of some substances into the 
tubules, is to suppose that when flow- from the ureter ceases, urine flow down the 
tubules -Still tabes place, this urine leaking back into the blood at some point 
distal to the site of icabsorption of water (p. 420). 

Tlie main eoufroversy uow hinges on flic site or .silc.s of fhis backflow or 
reabsorption. It may be refreshing to the reader to quote someone ekse's ex- 
position of it. (The Pathogcne.sis of Hydronephrosis, Surg., Gynee. & Obst. 
58: 356-376, 1934.) 

In complete ureteral ob-truction and to a minor degree in paifial obstruction, 
multiple fornical ruptures occur and through them free flow of urine and trans- 
mission of pressure from the pyelon to the fluid within the sinus arc established. 

IVhen the pyelon is markedly distended, intra-abdominal pressure is transmitted 
through the peritoneum upon the pelvic contents and thence on the edema. Pres- 
sures of oOO mm. ng may thus reach the ti.s.sue spaces of the kidnej’, though 
only intermittently and for short periods. The continuous intraiiehlc pressure is 
about 30 mm. Hg in oliguria and about 70 mm. Ilg in jiolyuria. Since soon after 
the onset of the transforniciil edema polyuria becomes constant, only the latter 
value should be considered. The edema within the sinus compresses the veins, 
and cyanosis of the kidney results. As soon as pyelovcnous backflow is established 
into the interlobar veins within Bertin’s columns, many flows are established be- 
tween the ruptured fornices and the veins. Along these flows there are pressure 
slopes from 70 mm. Hg down to near 0. Thus, the venous compression is partly 
relieved and venous blood flow resumed, the cyanosis disappearing. While pyelo- 
venous backflow involves many interlobar veins, it never involves all of them. 

Some interlobar veins are simply compressed by the edema which proceeds along 
the veins toward the corticomedullaiy boundary and thence along the interlobular 
veins toward the cortex and the subcapsular space. It hen this occurs, abundant 
l3'niphatic reabsorption sets in, the Ij'mphatics being highlj' dilated. There is a 
pressure slope between the fornices and the subcapsular space, as the main place 
of IjTnphatic reabsorption. The pressure of the edema is lowest near the surface 
of the kidney while it is still rather high at the corticomedullaiy boundary'. The 
relativel}' high pressure at the corticoniedullary boundaiy is transmitted upon the 
tissue fluid nathin the pj’ramids along the convex vertical column. Thus the 
pressure of the transfornical edema is highest within the medulla (the pjaramids). 

The pressure is lower within the cortex owing to subcapsular lymphatic reab- 
sorption, and it is also lower within most of Bertin’s columns owing to pyelovcnous 
backflow occurring within them. ... In the third week of obstruction, with com- 
plete disappearance of the fornices, of course fornical lupture and pj’elovenous 
backflow are a thing of the past. The transfornical edema disappears. The 
interstitial spaces are progiessivelj- filled ly newlj' formed connective tissue. Dam- 
age to Jlalpighi’s corpuscles, while still comparativelj' slight, is irregular, some 
glomeruli working with a higher filtration pressure than others. Therefore, 
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glomcrulai fiUiutc proiluccd in some pait of tlic pnioncliynui rpuolies tlio pyclon 
uinl piococds tlicnec into oollecling Inimlcs of a ililToiont jmit of tlio ])!npnc1iynm 
aiul finally TCaolios glomciuU with <lccira‘.e<l or conipli-ti-ly oliniinatoil iiltinlion 
pre-Mno. A punieiont dinoicniM' in Wooil jno-snio in (no nm.ior gioup*. of gloinornli 
causes liack filtialion into tlio Ion piowue glomeinh of (lie fiUialc of llic lugli 
prossuic gloinciuli. Tims, the lion of urine ntnor ceases pyelovenons liackilow 
and lympliatic roabsoiptiou luuiug been subsliluted by glonieiular back lillration. 
The eiieulaling urine is latlict identical nitli glomcuilai filtrate owing to the 



, . ® — P%o!o\onons baclvflow flemonstratea l>% coUoaion (A and B) and Beilm blue 

( I and B, fioni Hinin.in. F and l.ee-Bronn. K J. A M A. fij; 60T. Ift24 ) (C) Injections of 
the icna^ pehi', bs \\as_ of tbe uitlw (rabbit) (Fioni Hinman, F, Jilonson, D, and Leo-Biown, 


R 


wholesale tubiilai damage The intermittent hupennipusition of mti a abdominal 
picssmo bungs about capillar j collapse and destiuction of most glomeiuU after 
si\ to eight necks of obstruction. Ilowerci, some production, some flow, and 
some reabsoiption of filti.ito is going on cron within tlic oldest hjdroncphiotie sacs. 
Morphologicalh the lemaiiis of the totally e\oa\atod pnaniids are pennanently 
separated from each other b_\ the reniains of atrophied Bertm’s columns and the 
adjacent comprc'-sed mterlobai tessels. (Fuchs, 1944.) 
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The routes of backflow of pelvic urine mentioned can be demonstrated by 
retrograde injections of the renal pelvis. Complete filling of Ihe venous system 
is possible bj' way of the ureter. The rupture can be shomi to have recurred 
in the fornix calieis (Fig. 3 ). Collecting ducts can be filled for a .sliort distance 
only (Fig. 4 ), which would nullify the mute via Ilenle loops even in the early 
stages before their de.struction. Tiic pressure reiiuired to cause rupture is lower 
Ilian secretory pressure and once the route is opened, much lower ])re.ssures 
permit a backflow (Table IT). This is also shown by the drop of intrapelvie 
pressiu’es when backflow starts within from tliirfy to sixty tnimiles as registered 
on a manometer occluding tiie ureter. It is possilile, of course, that a liaekflow 
occuns from the dilated collecting ducts into the interstitium and then into veins 
or lymphatics, a route favored 1)3- Narath, but a.s 3'et not demonstrated 1)3' an3’one. 
It is 1 ) 3 ' this tubular route, however, that some liaekflow probabl3* occurs after 
papillary ligation ly wliich the pr'clovenons route is closed (Fig. 5 ). 


Table IL IlKETEraL Back Pi:E.ssrr.E Beoi-iked to Pr.owci; Pyeeoi'exous Backflow 










.■i/3 










mm 


m 






^«Phroflo‘ttr' 


'^-'®_nJore adv'anced (rabbit). (AVith 
S8: 356, 1934.) 


liasten dependent on greater blood flow and faster secretion might 

Svu’Dr atrophy and prolonged oliguria might sIoav it down, 

That ^*5^'’Gver, neither condition has any effect on the rate of progiess. 

I'clatwr the function of the compensatory Mdnej" is not in any Avay 

'^^tivity'^oj^ slioivn by unilateral splanchnotom}" (Table IV). Increasing the 


^ kidnej’^ ivith a tied off ureter has no effect on the standard rate of 
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Table IV 


DUrATION 

(days) 

WEIGHT or 
r.-\BmTS 

MEASUKEWEXTS 

OF KIDNEY 

(IN CENTIMETERS) 

1 PELVIC 

CAPACITY 

(KG.) 

LENGTH 

PEDTII 

WIPTH 

1 (c.c.) 


A. Measurements of Mydronephrolic Kidney in Kabhits After Total Ligation of Left Ureter 
(Control Series) 


7 

4 

5.2 (1 )« 

3.5 (0 ) 

2.3 (3 ) 

4 

14 

2.72 


3 (0.48) 


0 

21 

4 

0 (0.9 ) 

4.4 (0.4 ) 


14 

28 

3.02 

5 (1.13) 

3.4 (0.38) 

3.5 (1.21) 

33 

56 

3 

5.2 (3.30) 

3.7 (0.7 ) 

.2.5 (1.22) 

25 

00 

2.S9 

5.5 (1.8 ) 

3.8 (0.91) 

3.0 (1.41) 

33 


B. Measurements of llydronephrotia Kidney After Total Ligation of Left Ureter and 

Splanchiwtomy on the Same Side 


7 


■MiUiMfllJIIII 

3 (0 ) 


3 

14 



4.0 (0.51) 


10 

21 

2.89 

4.S (1.11) 

3.2 (0.31) 

3.3 (1.1 ) 

14 

28 

3.44 

5.5 (1.10) 

4 (0.50) 

.2.9 (1.29) 

30 

50 

3.25 

5.5 (1.34) 

4.1 (0.S5) 

3.7 (1.23) 

20 

(From 

Hinman. F., and 

Hepler, A.: Arch 

Surgr. 11: 

57S, 1925.) 



•The flgrures in jinrcnthcsls Indicate the actual increaFo in size of the kidney. They are 
obtained by proportioning tiie weight of tlie animal and tlio measurements to those of a normal 
rabbit weighing 2.3 Isg., wlio.se left kidney Is 3.2 cm. deep and 1.9 cm. wide. 

•tThe figures in parcntliesis indicate the actual lncroa.se In size when the measurements 
are proportioned to the animal's weight, using a.s a norm.al standard a rabbit p-eighing 2.5 
kg., whose left kidney is 3.2 cm. long, 2.5 cm. deep, and 1.9 cm. udde. 


development of hydronephrosis. "WHiat unilateral oliguria per se would do has 
so far been beyond experimental tests. 


CONCLUSION' 

The structural and functional changes occurring in hydronephrosis have 
never been correlated. No one knows whether or not the activity of a kidnej’" 
with complete obstruction of its ureter is similar to that of one with a com- 
parable degree of h3'di'oneplu’otic atroph.v following partial ureteral obstruction. 
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TIYDKONEPITROSIS 
llT. HYnitoxni'uiiosis and IlYrEirncKsiox 


Fkaxk IIix.vtAX, jr.D., Sax Pkaxcisco, Calif. 

(hnni Ihc Division of Sitrgerti, Suhdivisioji of Dvoloriy^ University of California 

MitTiral School) 


IJ'iPERTENSION has two possible connections willi hydronephrosis. Some- 
* times it miglit bo an aeeoleralor, at other times, an effect. The experiments 
OR the flow of blood and on general hyporlcnsion (brain operations, etc.) indi- 
cate, however, that hypertension doc.s not increase Die rate of progress of hydro- 
nephrotic atrophy, a conclusion supported by clinical studies. Hydronephrosis 
develops in patients with essential hypertension according to rule and in no 
"ay differently from its ‘development in other patients. Higli blood pressure 
has no influence upon the mechanics of hydronephrosis. 


The changes of hydronephrosis, liowever, could well have an effect on blood 
pressure. The factors supposedly responsible for hydronephrotic atrophy could 
act to promote renal hypertension. Renal ischemia, however, is not the essen- 
tial factor, as was formerly thought. In fact, it is not yet known how constric- 
tion of a renal artery causes hypertension. FuidheiTuoi’e, the experimental 
investigations on the effect of ureteral ligation on blood pressure are mostly 
negative. All attempts (Hartwich, 1930; Megibow and others, 1940, 1942) to 
produce permanent hypertension by the simple ligation of one ureter have been 
nnsuceessful. Clinically, also, hypertension is uncommon in simple hj'di’onephro- 
It is an unexpected complication. The same causes of renal hj'pertension 
supposedly present in other pathologic conditions, such as atrophic pyeloneph- 
ritis for example, occasionally occur witli liydronephrosis also; but apparently, 
however, they do not occur in a waj* so connected with the mechanism of simple 
i'ydronephrotic atrophy as always to produce hypertension. Nephiectomj' per- 
formed for unilateral atrophic pyelonephritis brought the blood pressure to nor- 
in six of ten patients of Nesbit and Ratliff, but in only seven of seventy- 
sfx patients of Weiss arrd Chasis, 1.943. It is seen that the renal origiir of In per- 
loiisioir is very uneertairr. 


Renal l.vpertension appears to upon tl.e rat.o of mci.ennc to nonnal 

kidney tissue.' In bydronepl.rosis both of these fuctor.s arc affected. The nut.u mg 
process is a rise in ureteral and intratnbular pressure a Inch decrease.s renal blood 
flow and therefore may produce true renal ,schcm,a. Of course, the oti.or modifiea- 
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tions in renal blooil flow which occur in renal artery lifiation are also produced 
to some extent in hy(lrone])hrosis. The amount of renal ischemia varies with the 
duration and intensify of the decreased blood flow. The increased intratubular 
pressure also results in a certain amount of hydronejihrotic atrophy of the normal 
renal parenchyma. The magidtude and coui.«o of the resulting hypertension depends 
upon those two factors as well as the compensatory increase in normal renal tissue 
in the opposite kidney. This phenomenon of contralateral com])ensatory renal 
hypertrophy explains the occurrence of transitoiy hyporleiisioa in unilateral hydrn- 
ncphro.sis. Thu.s, two fundamental pioeesse.s advance simultaneoii.sly in the .same 
kidney to increase the .‘imoiint of ischemic and to decrease the amount of normal 
renal sub.stancc. Just a.s in renal arterial constriction, so it is jms^ible that in 
hydronephrosis, renal excretory in.sufficiency may develop without the occurrence of 
hypertension if the deerea.se in normal parenchyma is inordinately greater than 
the amount of ischemic renal tissue. Ta sucli au event the process leads primarily 
to destruction of normal kidney tissue, and this may become great enough to 
simulate complete nophreefomy. (Jfegihow. Katz, and Rodhard, 1912.) 

The foregoing coiisiderntioiis give lilUe oneouragcmenl for the cure, by 
means of nephrectomy, of hypertension oeenrring in unilateral hydronephrosis. 
Only a few ca.scs have been reitorled (Neshit and I?alliff, three patients, aged 
37, 24, and 20 years; Bartels and Lcadhcttcr, one imtient). This knowledge 
might encourage the so-called conservative .surgery of hydronephrosis, that is 
an attempt to repair every kidney not entirely destroyed. In addition to the 
argument of common sense against such a policy, however, there is a real danger 
that the surgical repair will itself so alter the mediators of blood pressure as to 
cause hypertension later on. Why this should occur is obscure but the report 
of Case 1 is an example. 

Case 1. — A 20-ycar-old carpenter had a successful Y-plnstlc repair and ncphropc-xj- of 
an unhifoctod left hydronephrotic kidney, Fob. 27. 1033. After operation the urine remained 
clear and uninfected, and tlie patient did well for five years. In 1040, ho began to have 
headaehe.s and nau.soa. The blood pressure, April 13, 1040, was 100/100; Kov. 3, 1940, 
lying, 178/110; sitting, 180/110; standing, 174/114; and .Tan. 20, 1941, 194/90; 200/122; 
102/118. The relative function (the urine from both sides was clear and negative micro- 
scopically) on the right side was 17 4- 5 = 22 per cent and on the left (repaired) side, 

5 + 2 = 7 per cent, or c.^sentially the same as in 1933 both before and after tiie plastic 
operation. Tliere was no urinary infection and no history of it. Left nephrectomy was done, 
Jan. 23, 1941. Two d.ays later blood pressure was 170/110; Tun. 31, 1941, one week after 
operation, it was 130/84, and Jan. 20, 1944, two years later, it was 130/82 ; the patient had 
remained continuously well. Fig. 1 shows the kidney and Fig. 2, a microscopic section of it. 
The patient Avas last seen Kov. 15, 1944, and at that time was avcII. 

As might be expected, liypertension is someivliat more common in the pres- 
ence of bilateral hydronephrosis. Comparison of the blood pressures of nine 
rats "with spontaneous hydronephrosis” with those of 1,207 normal rats shoAved 
that all four of those with bilateral and tliree of tlie five with nnilateral hydro- 
nephrosis had hypertension also (Williams, AYcgria, and Harrison, 1938). The 
age of the patient may be a factor in the incidence of hypertension in both nni- 
lateral and bilateral hydronephrosis. Compensatory hypertrophy is much less 
marked in older people, and is almost absent in the bilateral condition. Perhaps 
Wakerlin is right in saying, “only future work can determine ivliether essential 
hypertension is a generic elassification one group of which may l)e of renal 
origin.” 

In 260 cases of hydronephrosis at the UniA’ersity Hospital from 193/ to 
1941, inclusive, 212 patients had normal blood pressures and 48 had hyperten- 
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sion. Of the 212 patients, 362 liad imilaleral and 50, or 23.5 per cent, had 
bilateral hydi’oneiArosis. Of tlio.se Avith hypertension, 30 liad unilateral and 
18, or 37.5 per cent, had bilateral hydronephrosis. The ages of those in the 



Fig: 1 — Renal hypertension Photograph of the kidney removed fi\e years after the 
plastic uieteropclvic repair of a dronephiosis becatise the patient suddenly developed renal 
hypertension 



Pig- 2 — Photoniiciograph from the specimen sho\%n m Fig 1 , showing some interstitial 
fibrosis and some epithelial atrophv in comolutod tubules The glomeruli arc large So slight 
is tlie evidence of inflammation that a complicating atrophic p%eionephriti'? would not seem to 
have been the factor in the onset of the in pertension Puithermore, there had been no loss 
of function befoi'e nephi ectom's , and the bladder urine had been continuously fiee from infec- 
tion for ft\e % ears 

bilateral groups arc shown in Table I. T\\ent\-tAAO of the patients with hyper- 
tension and unilateral hydroneplu osis were ojicrated on with icsults as shown 
in Table II.*^ 

— ^ 
•I wi«h to acknowledge nn debt to l..leutcnant H Harrington, Medical Co* 

t S X R for hK Ihoiough compil ition of the ho-spital 
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Tablf. I 



WITH SORMAIj rnESSCHE 

WITH HYPEIITEXSIOX 

Uncl(?r 20 



20 to 54 

o7 

8 

55 to G4 

s) 

?>] 


l 22%ovcr 54 

1 38.8% over 54 

03 and over 

O 1 

•'J 

4 


Total 50 18 


Table II. Hesults ok OrEE.\Tiox ix Twekty-two Patjext.b With Hateutensiok and 

U XIL ATEIUL IlA'DKOK Em EOSIS 


XUMBEr. ofI 

PATIEXTS j 

OPEEATIO.V 

KESm.T 

Hvrr.nTCKsws 

n.V.U'J'I.'CTEP 1 

1 irvrKnTKN'sroN’ j 
1 ?:f:duci:d j 

1 .\o r.Econv j 

DIED 

9 

Xephrcctomy 

5 

1' 

1 

2t 

3 

Plastic repair 

o 

o 




5 

Lithotomy 

o 


O 

o 


3 

Prostatectomv 

1 

1 


It 

1 

Accouchement 


1 



1 

Bilateral splanchnotomy 

1 




OO 


12 

•> 

t> 

4 

o 

u 


•L.arf:e loft hydronephrosis duo to impacted .stone in ureter; loft nephrectomy: blood 
pres.sure before. 15t/90 to 1(10/9 i. after, 110/70 to 13S/SI. tVonian. 51 years old and vorj- 
ner\‘ous. 


tone from emboli.sm and one from hronchopneuinonia. 

JTen days after transurcthr.al resection there svas cardiac failure. 


Only one of nine paticnt.s liad a i-etlnction of blood pressure folloiviug 
nepbrectomy for unilateral hydronepbrosis and it is doubtful that the opera- 
tion bad a direct relationship to the reduction in this one patient. 

Compensaiory lujpcrirophy is a change of patbo.senic significance in b.vdro- 
nephrosis and also perhaps in hypertension. Like all glands the kidne.vs liave 
a reserve power of function which takes care of the many demands of overwork. 
The ordinary periods of sucli hyperactivity produce no structural changes. 
If they are prolonged, however, certain components of the glomenilo-tubule 
undergo hypertrophy. Glomerular and convoluted tubular parts of the unit 
enlarge under increased stimulation. IMedullary loops and collecting ducts 
change little. Unilateral ligation of the ureter is followed by compensa- 
tory hjTiertrophy of the opposite kidney lust as in unilateral nephrectomy, 
and this compensatoiy liypertrophy is no different from that which follows 
ureteroduodenostomy or an ureterovenous fistula (Rodbard and Katz). Only 
in these two latter instances the useless kidney, the urine from which is poured 
back into the circulation, hj'pei'trophics at fir.st to the same degree as its com- 
pensatory mate. Hydronephrotic kidneys, therefore, receive the same overstim- 
ulation as their compensatory mates. This is the reason that some units, during 
certain stages of hydronephrotic atx’ophy, show hypertrophy or, at least, arc 
kept more active and resistant. It is also reason for the rarity of hypertension 
with hydronephrosis. Furthermore, it explains in part the failure of some hydro- 
nephroses to progress, ilaatz found five such “stationary” hydronephroses 
among thiiTy-two studied. This overstimulation of a hydi’onephrosis nill dis- 
appear, however, when the mate has fully compensated by hypcrtroplij’ to cari.y 
the overload. 

COKCLTjSIOX 

Hypertension does not inci’ease the rate of progress of hydronephrotic 
atropliA'. 

Hydronephrosis rarely causes hypertension. 

The later changes in a kidney which has been repaired for hydronephrosis 
may cause hypertension. 
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An imporUmt faclor in llic incidence of renal hj'perlension is the degree 
of compensatory liyper trophy. 
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THE PEINOIPLB OP EXCISION AND DISSECTION IN CONTINUITY 
FOR PRIMARY AND METASTATIC MELANOMA OF THE SKIN 

George T. Pack, M.D., Isabel Scharnagel, M.D., and 
Mason Morfit, M.D., New York, N. Y. 

(From, the Mixed Tumor Service of the Memorial Hospital for Cancer and Allied Diseases) 

T he only proper treatment for malignant melanoma of the skin is wide 
surgical excision. This tumor possesses such a degree of radio-resistance, that 
x-ray and radium should never be employed in treatment as long as the tumor 
remains in an operable stage. The melanoma is as resistant as the skin wliieh 
contains it; cauterizing doses of irradiation are necessary to destroys even the 
primary tumor and for this purpose x-ray and radium hold no advantage over 
any other form of cauteiy. We prefer wide surgical removal by sharp dissec- 
tion. It should be possible in those instances in which the malignant melanoma 
has not yet metastasized to effect a cure, providing local surgical removal is 
radical enough in its scope. Unfortunately, the time nature of the disease is 
often unrecognized by the surgeon, so that a most conservative removal is first 
employed under the incorrect assumption that a benign nevus is being removed. 
An eai’ly local recurrence is the rule in sucli instances. The frequency of tliis 
occurrence has often led to an incorrect appreciation of the importance of re- 
moving premalignant pigmented nevi. AA’'hen a pigmented mole is completely 
removed it never recurs as malignant melanoma. The reason this paradox is 
thought so often to occur is that a malignant change has already occurred 
in the nevus at the time the patient presents himself for treatment; in fact, this 
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change is often tlic reason for the ])aticnt’s decision to consult a physician. 
Such changes as a slight increase in pigmentation, ulceration, increased rate of 
growth, tenderness, bleeding, or change in color may induce the patient to seek 
surgical consultation. 

The average patient with malignant melanoma who a])plies to the ]\Iemorial 
Hospital has already had a eon.servafive local ojieration for the disease. If the 
melanoma is situated on the tnuik, thigh, or U])))cr ann, it is sometimes possible 
to remove it with .sacrifice of a very large segment of skin and still effect primary 
closure of the wound without skin grafting. This is done by dissecting the skin 
flaps back widely on cither side and making the incision relatively long. The 
removal of a liberal segment of .skin containing the tumor with a wide dissection 
of subcutaneous tissues and deep fascia overlying the muscles may make it 
possible to give sufficient relaxation .so that the Avound. margins can he approxi- 
mated under tejision Avithout grafting. It is the rule, hoAvever, on the mixed 
tumor service, that all malignant melanomas situated on the hands, feet, loAA’cr 
legs, forearms, and head and neck are to be removed Avith .such Avide .sacrifice of 
sldn that grafting becomes necessary. In the case of the face it may be po.ssible 
to restore the defect by some jdastie procedure .such as sliding or transposed 
flaps. The constant o1)scr\'anec of this rule has caused our surgeons never to be 
tempted to do less of an operation than one sufficiently radical for reraoAml of 
a primary melanoma. Within certain limits it is not much more diflieult to skin 
graft a large Avound than it i.s a small one. Therefore, ihere is no inducement 
for the more eonserA'atiA-o excision. If the Jiielanoma metastasizes by AAmy of the 
blood stream to the A'iscera, then all liope of cure by any method must he 
abandoned. But if the melanoma metastasizes Aua the lymphatics to regional 
lymph nodes it is still possible to plan a surgical procedure Avhicli Avill remove 
both the primary melanoma and the .secondary manifestation of the disease in 
the regional lAunph nodes and giA'c the patient an op])ortunity for survival. In 
the past .scA'eral .A^cai's avc haAm consistently jflanned each operation for melanoma 
to incbidc on ma.sse hotli the primary and jnetastalic tumors Ijy the procedure 
AA'hieli Ave refer to as excision and dissection in continuity. 

THE PRIXCIPLE OP EXVISION AND MS-SliTCTIOX IN CONTINUITY 

The first Avell-plauued operation for cancer Avas conceived independently 
by William Halsted and Willy ]\Ieyer for carcinoma of tlie hi’cast. No surgical 
principle to date has been more important tlian the one conceived for radical 
mastectomy because this operation alloAA's for tlie removal of the primaiy cancer, 
the secondary deposits of tlie cancer in regional lympli node.s, namely, the axilla, 
and the intervening lymphatics en masse. The Avide scope of fascial removal and 
the radical sacrifice of skin intervening betAveen the lireast and the axilla ensures, 
as far as is surgically possible, a comiilete remoA^al of the pi-imary cancer and 
the fii:st relay in its metastasis. 

Sir Ernest Miles, in his conception of the radical operation for cancer of the 
rectum in 1908, applied the same principle. The abdominoperineal rectal resec- 
tion by the classical technique of Miles included remoA^al of tlie pelvic colon, 
the rectum, the anus, the mesentery of the colon, and all of the perirectal tissues 
containing the lympli nodes and lymphatics into Avhich rectal cancer first 
metastasizes by Avay of the lymph stream. In this instance the operation has not 
been impi'oved upon and remains the procedure of choice after thirty-fiAm years. 
There are veiy fcAV other locations where this principle of excision and dissection 
in continuity has been successfully applied. Radical vulvectomy for epithe- 
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liomas of the vulva, as conevivod In- Bassclt, was a step in this direction be- 
cause it included bilatoi-al jrroiji dissection with I'einoval of the vulva. AVhen this 
operation is done as a sin'rlo-stage procedure with removal of the .skin of the 
groin and vulva, and radical di.s.s'eclion of the l,vinj)li nodes in both groins, the 
ojicration is good indeed because the excised tissue includes not only the primary 
cancer and the lymph nodes containing possible 'met astases but the intervening 
lym])hatics and sun-ounding skin as well. 

For cancer of the stomach the ]'>rinci]tle is too radical to find Tiniversal 
employment at tliis time, so the ma.iorily of gastric cancers are removed by 
partial gastrectomy. The disadvantages of total gastrectomy are too numerous 
to be i‘eco\inted hero, but the operation is a feasible one, as has been proved by 
its adoption for certain advanced gastric cancers wliich can onlj' bo taken care 
of by this radical proeediirc. The reason for mentioning total gastrectomy is 
that the operation can be performed to corresjiond with the complete procedures 
as described for the breast, rectum, and vulva, namely, removal of the entire 
organ including the great omentum and tlie four major groups of perigastric 
lymph nodes into which the finst relay of lymphatic metastases arc deposited. 

The operation of excision and dissection in continuity for pi'imary and 
metastatic tumors cannot be sucee-ssfully employed for cancers of the oral 
cavity, pharynx, nasopharynx, and accessory nasal sinuses. The only cancers 
in this gi’ou]) which can possibly be treated !)y this principle are certain epithe- 
liomas of the lower lip in which a radical excision of the lower lip together with 
the skin of the chin may be done and contiinied down to include a bilateral 
suprahyoid neck dissection. In this procedure the intervening lymphatics are 
removed between the primary epithelioma and the lymph nodes into which 
it metastasizes firat. In the case of cancers of the tongue, tonsil, nasopharynx, 
etc., it is of course possible to obtain cures of the primary tumor and also to 
control the patient by subsequent neck dissection or radiation therapy of cervical 
lymph nodes containing metastatic cancer. However, it must be pointed out that 
in all these situations there are intercalated lymph nodes in the lymphatic path- 
ways between the primary cancers and the main group of cervical nodes; these 
small nodes may contain metastatic foci of cancer which are not accessible to 
surgical extirpation. This does not suggest that cure is not possible under these 
circumstances, but the ideal principle under discussion cannot be applied in 
tumors of the liead and neck, as has been said, excei^t in the case of epitheliomas 
of the lower lip and of tlie inferior alveolus when jaw resection is added to 
neck dissection. 

The same surgeon who will invariably i^erform a radical mastectomy or 
an abdominoperineal rectal resection for cancers in these locations apparently 
is content to perform the most limited type of excision for malignant melanoma 
of the skin. This tumor tends to recur locallj'^ with such a high frequenej^ and to 
metastasize to regional nodes with such a high incidence that it is imperative 
for every surgeon treating this tumor to realize the extreme importance of 
applying radical surgical principles in its care. The operation, therefore, should 
be planned to be as radical as that for other types of cancer. This requires 
considerable ingenuity because the malignant melanomas are so variable in their 
location and drain into so many different groups of regional lymph nodes. The 
treatment of this tumor, therefore, necessitates careful stud.v of the anatomy of 
the lymphatics of the skin in all paids of the body. 

If the melanoma is situated closely adjacent to the group of lymph nodes 
into which it may metastasize, then the scoiie of the operation may he so 1 1 ^ 1--%. 



S52 


SURGERY 


as to enable llie surgeon to remove the primary melanoma and tlie regional 
lymph nodes in one encompassing excision of slcin and deeper structures. The 
procedure entails a wide .sacrifice of .skin .sui’roinidiiig the melanoma and an 
extension of this skin excision to include the skin ovoi'lying the I’cgional lymph 
nodes. The skin flaps are then dissected widely back, and in so doing, the sub- 
cutaneous tissues are stripped from the skin. The underlying fascia is then re- 
moved, together with the specimen from the musele.s, and the dissection carried 
to the lymph node-bearing I’Cgions where a meticulous and radical dissection 
is carried out. Various bizarre-shaped incisions will re.sult, depending on the 
exact location of the melanoma. As a rule, the wide di.ssection of the .skin and 
removal of so miich subcutaneous fat and fascia will enable the surgeon to ap- 
pi’oximatc the skin margins without employing a skin gi-aff. The cxci.scd 
surgical specimen includes, thei-efoi-c. in continuity, the ])riinary melanoma, the 
.skin surrounding it, the subcutaneous tis.suc.s and fascia containing the lym- 
phatics intervening betAvecn the melaiioma and the regional lymjih nodc.s, all of 
the fat, lymphoid, and areolar fi.ssues in the region of the first I’elay of 
metastases. 

This procedure, of course, is not feasible Avbere a long distance intervenes 
betAveen the primary tumor and the regional ]ym])ii nodes. For example, in the 
case of the .subungual melanoma of the finger or loo A\dth metastasis to the 
axillary or inguinal lymph nodc.s, the average surgeon is loath to apply a prin- 
ciple so radical as the removal of the entire limb. The disarticulation of this 
limb, together Avith a groin or axillary dissection, is probably the only Avay of 
offering the patient the maxinAal degree of safety. Although avc have done 
this for some patients Avith conditions suggesting a bad prognosis, it is our u.sual 
practice under these circumstances to amputate the finger or the toe and later 
to do a radical axillary or groin dissection. There is a A’ery gi’cat hazard that 
recurrence of the melanoma may develop in the intervening space betAveen the 
finger or toe and the axilla or groin; it is not difficult to understand this likeli- 
hood and to realize that melanoma cells haAm been compelled to traA-^el, usually 
by embolism, the long distance intervening betAveen the digits and the Ijanph 
nodes in the axilla or groin. It Avould not be entirely unexpected to find that 
some of these cells have lodged someAAdiere in the intervening lymphatics; their 
subsequent groAvth and development seem to be abetted by the lymph stasis 
AAdiich alAvays occurs to some degree after the radical I’emoA'al of the Ijunph nodes. 

If any nodules do develop on the ann or leg folloAA'ing this pi’oeedure then noth- 
ing short of a disarticulation should be considered. 

The operation AA'hich Ave haAm tenned excision and dissection in continuity 
of primarj^ and metastatic melanomas to regional nodes may be applied for all 
malignant melanomas situated in the skin draining into the cervical lymph 
nodes, the axillary lymph nodes, and the inguinal lAunph nodes. For example, 
malignant melanoma involving the skin of the loAver half of the face, the loAA'^er 
lip and chin, the upper chest, and the neck maj' be removed in continuity AAoth 
a radical neck dissection by the procedure .iust outlined. Slelanomas inAmUang 
the superior two-thirds of the upper am, the pectoral region, scapular region, 
the axillary skin, and the skin in the infra-axillaiy region may be removed in 
continuity AAnth a radical axillary dissection by the pi'ocedure just described. 
lAIelanoinas inAmlAung the superior two-thirds of the thigh, the skin of the 
buttocks, or the iliac quadrant of the abdomen may be removed in continuity 
Artth the radical groin dissection. Malignant melanomas involving the skin of 
" and the genitals, both male and female, may be removed in continuity 
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wi!h the lymiili no<i(*.s in liolh riirlil .-ind Ivft intrninal n'l^ions by a ('(anbination 
excision with bilatorn! frroin dissection. Even nmltT the most advaiita.'fcoii.s of 
eirenmsIajuTs in wliich every urecanfion is taken by the snrnenn, the curability 
of tlic disease is, of eonrse, not absolute. Imic a jtrineiple wliieli lia.y found its 
place so firmly established in the treatment of malignant tumors of other orgams 
it is found that its routine application in the case of the maliunanf melanoma 
should be considered, bec.-iuse this tumor is one of tlic most daimeious in the 
entire category of nenjilasfic diseases. 

But in the ease of melanomas of the inferior extremity, a multiple-stage 
procedure must usually be worked out. We have found from expci-ienee lliat 
it is unwise to remove a melanoma or epithelioma of the foot and at the same 
time di.ssoet the groin {'ven Ihounh melaslases arc evidently prc.sent, because 
even liore there may be metastases en route. \ 

It recjuircs a nieoly of .iudgment to decide on the interval of inaction when/ 
metastases are known to be present, and even then the wrong dcei.sion may ])e j 
made. Ten to fourteen days at the mo.st are permitted to elapse before the \ 
second stage or groin dissection is accomplished. In the pa.st, tlie primary ) 
cancer, for example, a melanoma on the foot, and the lymph nodes in the groin u 
have been removed at a single operative .scaneo only to be followed in too many ) 
instances by the ajipearance of iunumcrablc subcutaneous and intracutaneous \ 
nodules along the lynpili ])atlnvay.s in llic leg or tliigh. It is our belief, based ) 
on theory suhstanliatcd onl.v hy personal exjieriencc, that the Ixunph nodes / 
in the groin should remain to exercise their function as cateli basins or filters for \ 
cancer cells wliich may bo metastasizing at the time the primary cancer is re- / 
moved. The groin dis.soelion .should not bo postponed too long, if metastases \ 
ai'O clinically evident ; othenvise the hazard exists of secondary metastasis to the ! 
next higher relay or eliain of nodes, too far removed superiorly to be surgically / 
excised. 

The interval between the firet appearance of the primaiy lesion and the 
known recognition of metasta.sis in Ixmph nodes of the groin is not the same for 
all malignant tumoi-s. In the Jlemorial Hospital series, the interval for epider- 
moid carcinoma is thirty months, and for malignant melanoma only fifteen 
months, which is in agi’eemciit with the usual greater degi’ee of malignancy and 
the more rapid growth of melanoma. At the two extremes, there is one case re- 
port of an instance in which metastasis in the inguinal nodes appeared twelve 
years after an epithelioma of the foot had been treated and other examples of the 
simultaneous discovery by the patient of a primaiy melanoma of the clitoris or 
'^nlva and enlarged inguinal nodes, obviously the site of metastatic deposit. 

The delayed enlargement of these nodes after a lapse of several years indicates 
that metastases had been present all the time but remained dormant or latent 
foi' some unexplainable reason. 

. ELECTIVE GROIN DISSECTION 

The caption ‘ ‘ elective ” is a misnomer that is used here for want of a better 
term. The operation called by this name refers to the elective removal of 
•'T^^pk nodes in the groin even though they are not palpable and there is no 
clinical evidence of metastases being present. It is our opinion that this dissec- 
tion should be done routmel3' for all melanomas of the exlremitj'^ and genitals. 

a group of seven dissections of this type for melanomas of the lower ex- 
fremit.v, two of the patients were found to have microscopically ideiitifialilo 
aielanoma in the inguinal Ijunph nodes even though the surgeon at the time of 
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operation found no gross evidence of involvoiuent. In anotlier group of ten 
similar axillary dissections for melanoma of the tipper extremities, five, or 50 
per cent, of the series showed microscopic evidence of mclastases to the lymph 
nodes even though there was no gross evidence determinable preoperatively or 
during the course of the operation. It is our contention that this early operation, 
although needlessly done in some instances, affords the patient with metastatic 
melanoma in the groin a better and earlier opportunity of cure. It .seems veason- 
ablc that the fewer lymph nodes involved and the earlier the involvement, the 
better yill he the ]')rognosis. In the case of epidermoid carcinoma, occurring in 
the lower extremities, this I'outine dissection is never performed, as one wails 
until there is evidence of involvement. The reason is that this typo of cancer 
does not so frequeijlly metastasize to inguinal nodes and there is a natural 
wish to avoid unnecessarv operations of this majoi’ character. For epitheliomas 
of the scrotum and vulva, liowever, it is our helief that the bilateral inguinal 
dissection is constantly indicated, even in tlio absence of palpably enlai’ged 
lymph, nodes. 

There is no urgency in doing this groin dissection as an elective procedure, 
as Ave have .shown that an average time of fifteen moullis clajiscs from the time 
the primax’y melanoma is recognized before metastasis in inguinal nodes are 
appai’cnt. As a nile, six weeks ore permillcd to elapse after tlie primaiy 
melanoma has boon surgically exci.sed before the second stage or elective groin 
di.s.seetion is done. Patients who refuse this pi'ocedure are kept under close 
and frequent observation. This princiide of elective groin dissection is based 
on a study made several years ago of all maligimnl tumors of the. extremities, 
which revealed the distressing information that radical dissection of the primaiT 
melanoma often was not curatiA-e in it-self, eA'cn in patients in Avhom no regional 
hunpli nodes Avere palpable, because a considerable munher of these patients 
AA'ould return duing the oliseiwational period Avith large confluent nodes contain- 
ing meta.statie melanomas Avhich Aveve not oh.sevvcd at tlic jn-evious visit. 

CASK REPORTS 

Case 1. — J. G., a .".9-ycar-old wliite man, liad long l)een aware of the pre?ence of a flat 
pigmented mole, minute in iize, involving the skin of tlie left upper arm, but becau.'^e of a 
slight itching and bleeding of a month's duiation a physician electrodesiccated tliis supposed 
nevus about fifteen months prior to the patient’s apjdicatiou to the Memorial Hospital. One 
year later a small nodule was felt close to the insertion of tlie left poctoralis major muscle. 

It was .surgicallj- removed through a .“iraall incision at another institution; under the micro- 
scope it was found to be metastatic melanoma in a small lympli node. 

Physical Examination: On admission to the Memorial Hospital a flat tliin scar was 
noted on the anterolateral aspect of the left upper aim a short di.'-tanco above the elbow. 

It was approximately the size of the usual vaccination scar. A small, macular, pigmented spot 
was observed on one margin of the scar, but there Avas no palpable tumor. There were no 
significantly enlarged IjTnpU nodes in the left axilla. A roentgenogr.am of the chest revealed 
no evidence of pulmonary metastasis. 

Diagnosis . — ^Malignant melanoma of the skin of the arm with metastasi.s to* the axillary 
lymph nodes. 

Treatment . — Because the operative scars from tlie procedure performed on the primary 
melanoma and the metastatic melanoma in the regional lyouph nodes were so small, it was 
decided to perform a more radical surgical excision of tlie primary site of the melanoma. 
Tliis was done by making an elliptical incision through the skin from a site below the 
original scar to include a wide segment of skin surrounding this .scar and extending up to the 
anterior aspect of the arm in such a w.ay as to include tlie skin of the axilla. The skin 
®aps were dissected widely back and the fascia over at least 50 per cent of tlie circumference 
the arm and .anterior shoulder were removed, together with ail of the axillary contents. 
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Pie. 1 (Case 1 ).— Malienant melanoma of skin of arm. arm '^ubove 

iion. Scar following electrodesiccation of melanoma m l^/j,„,jr^,,,„]anoma. B, 

ilbow, and scar of excision of small lymph node of ^vound due 

?hotograph of surgical wound, showing extent "^ .^rin wound There Is onlj" 

o great sacrifice of skin. C, Photograpli of healed axillarj and arm 

dight disfiguration and no impairment of motion. ^""''7^ 
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Fib. 2 (Case l).-~To illusUato the principle and scope of the incision and dissection in 
continuity of a primary melanoma of the arm with metastasis to axillary )>mph nodes Tlie 
relative amounts of skin and deep fascia removed in this operation are shonn. 



Fig- 3 — View at operation in another patient who had a recurrent melanoma on the 
medial aspect of the right upper arm with metastasis to right axillarj l>mph nodes Alter 
sacrifice of a continuous and liberal segment of skin, the flaps are dissected widely back to 
permit the removal of fascia, lymphatics, and the axillary contents. 
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Bocuusc of this f^rciit tlcvplopinont of skin flaps it was possible to approximate the wound 
margins and to .'•oeure primary wound licaling; the wound was under considerable tension, 
but no skin grafting was necessary. 

Pathologic Pcporl . — There was no evidence of recurrent melanoma in the scar where the 
electrodesiccation had been done; the residual pigment was phagocytiyed melanin. Numerous 
axillarj' lymph nodes eontained metastatic melancma. 

Case 2. — E. 1?., a -l-t-year-old while woman, had been aware for five years of the 
presence of a bluish intruculaneous nodule situated on the loft upper anterior chest just be- 
low the inner third of the left clavicle. Two and one-half yoai.s prior to admission to the 
Memorial Hospital this nodule increased in size and uas surgically removed at another in- 
stitution. A local recurrence developed within eleven months and a second surgical excision 
was performed at the same institution. Three months later still another recurrent nodule 
developed adjacent to the .scar of the original excision, and this was also lenioved. All of these 
operative procedures were of minor extent, just large enough to encompass the tumor and 
cfTect wound closure. The longest incision was only 5 cm. .and the underlying fascia had not 
been removed. Six months before entrance to the Memorial Hospital she observed some 
enlarged lymph node.s in the loft supraclavicular !jpacc. 



A. B. 

Fig. 4 (Case 2). — A, Combined left supraclavicular and left axillarj’' dissection jvlth 
excision of a malignant melanoma of the skin in the anterior pectoral region. This melanoma 
had metastasized to both regional groups of lymph nodes. B, Same patient after healing 
of the wound. 

Physical Examination . — A short linear scar was seen in the skin on the left upper 
anterior chest wall below the clavicle. There was no evidence of tumor in the immediate 
region of the scar. There were several large freely movable lymph nodes in the left supra- 
cla-vieular space extending into the posterior cervical triangle. There were also some discrete, 
large, firm lymph nodes in the left axilla. The axillary lymph nodes were in the lower 
and anterior axillary groups; the apical axillary lymph nodes were not clinically enlarged. On 
aspiration biopsy one of the supraclavicular lymph nodes was reported by Dr. Fred Stewart, 
the pathologist, as a nonpigmented melanoma. A roentgenogram of the chest revealed no 
evidence of pulmonary metastasis. 

Presumptive Diagnosis . — Melanoma of the skin of the chest with metastasis to the 
left supraclavicular lymph nodes and left axillary lymph nodes. 

Treatment . — The Ij-mphoid metastases from the primary melanoma had evidently ap- 
peared in two directions, upward to involve the lymph nodes in the lower neck and laforalljv 
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Jiiul ilowiiward to (Irtiin itito (lie lower axillary lytiiph node-. I'roai tlie distrilmtion of thcbc 
cnlarfiod runlet it did not heeni )>o— ilde that tlieie wa- a diicid eoaiinnnieation or e,\tcn.-ion 
tliroH;;ti the a])ox of the axilla to the node- henoatli llie ehniide. 'J’lierefoie, an operation 
wa- jilannod whieh imdnded !i wid(> teino\al of the -kin of the (die-t w.all in continuity with 
that of the neck and left axill.a. The ,-kin llai>'' were di‘'-ccted wid(dy hack and the tub- 
ctitancou- ti— ue- and fa-cia o\eil\in': the pectoral imi-clc'-, the (daMcde and the lowei 
two-third- of the left neck a- well a- the left axilla were -uif,Mcally lemoved, toKother with 
the underlying luniih node®. Tlie di— ection in the neck was of a ladical character and 
c.xtondcd a® hiijli a- the submaxillary and dica-tric node- on tlie left ®ide. Only the lower 
l.vmph node® in the left axilla were found to be m\ohed. The aidcal and upper groups of 
node® were miero-copically free of tumor. Becau-e of the development of skin Haps it was 
possible to aiiproximale the skin maiein- and thereby elVeet a primary wound elo-uie. No skin 
grafting was neces-ary. 

II. 







Tnlholoffic Jicport. — Tho lymph nodes in <ho suprocliivicnlur sjuico 
axilla wore found to be replaced by metastatic melanoma. 

Case 3. — E. E., a 41 -year-old wliito man, stated that a .‘-mall piRineni 
present since birth on tiie skin overlying the upper sternum. He insist< 
was the same ns it had alwaj-s been according to his knowledge, and at no 5 
any unusual changes. His chief complaint was the presence of lumps in 
which he had recently become aware. The family phy.sicinn .Mispected the '■ 
enlarged lymph nodes and referred him to tho Memorial Hospital. 

Physical Kxaminalion. — The patient was a vigorous adult man in 
i^ituated in tho skin overlying the upper sternum was a small, deeply ]>' 
lesion. It measured only 1 cm. in diameter; if was nonulccrated and appaii 
ticial. Both axillae contained largo, linn discrete lymph nodes. 


Primary 



Presumptive Diagnosis. — Melanoma of the skin of the chest wall with 
metastases. 

Treatment. — ^Because tho primary molanoraa was situated in the mid. 
anteriorly, and because the lymphatics at this region diain to the axilla r: 
neck, it was decided to perform an excision and dissection in continuity 
melanoma and the bilaterally involved lymph nodes. A wide expanse of s 
in an elliptical incision made transversely- across the chest wall with the tui 
of the excised skin. The incision was extended on cither side to include a sc' 
the axilla. By retracting the pectoral muscles on each side the axillae 
cleared of their lymphoid structures, fat, and areolar contents. The uppe: 
flaps were dis.«ected back widely and the subcutaneous tissues over the sfcrnui 
overlying the pectoral muscles were surgically removed with the specimen 
extent of this fascial dissection can be approximated when it is said that t 
from the substernal notch .and level of the clavicles was removed down to 
nipples. Because of this great development of skin flaps it was possible 
.--km margins the entire length of the wound, although this was done with con 
Skin grafting therefore was not necessary' in this case. Healing occurred 
tention. The patient had excellent arm function afterward. 

Pathologic Peiiort. — Primary- melanoma of the skin of the chest wa . 
to numerous lymph nodes in botli axillary regions. 

Case 4.— E. C., a 60-year-old white man, had been aware "all kis bfe’ 
''kin lesion in the right lower quadrant of the abdomen on a le^el niti 
lesion was apparently congenital. Two months before apply'ing to tlie Menr 
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had observed liiat tliis lesion begun to inereuse in sire and to e.\iiiliil ineieuseil pigmentation. 
Iiumodiatoly before admission to the institution be o!>‘-erved tin* presenee of u mass in tli(> 
riglit groin. 

Physicnl Jixaminalion . — A Hat brown nonideeratcd lesion nieasiiring J.."i cm. in dianieler 
was seen in tbo sltin of tbc right, side of the abdomen on a level with the uinbilicu,s. There 
was a group of confluent lymph nodes in the region of the light inguinal and femora! regions. 
There were no palpable axillary lymph nodes. A roentgenogram of the chest showed no evi- 
deneo of pulmonary metastasis. 

Diagnosis . — Malignant melanoma of the skin of the abdomen with metastasi.s to the right 
inguinal and femoral lymph nodes. 


( 


S (Case i). Primary melanoma of skin of abdominal wall, metastatic to inguinal lymph 

nodes. 



Treatment. A local excision was made of the tumor on the abdominal rvall; this rvas 
■subjected to microscopic study. The report was malignant melanoma. A very radical surgical 
procedure was then planned to include the site of the primarj’ tumor and the inguinal and 
femoral lymph nodes. This included a wide removal of the skin in continuity with the skin 
of tire groin, and a very wide fascial dis.seetion of the right iliac quadrant of the abdomett, 
together with the fascia aird lyrtrph nodes in the right groin. Because of tire wide developniertt 
of the skin flaps it was possible to effect a primary wouird closme. No skin grafting uas 
done. The wouttd healed by primary intention. 

Pathologic 2?epoi(. — Malignant melanoma involving the inguinal and femoral lyirtph 
nodes. 


Case 5. — A. K., a 59-year-old man, had been aware of a flat black pigmented .skin 
lesion just above the right nipple wlticU had been present sittce early childhood. It remained 
quiescent until two months before his application to the hleniorini Hospital. At that time 
it grew nrpidly, became ulcerated and fungating. No previous tieatment had been ad- 
rrrirristered other than the application of bland ointment. 

Physical lixaminatwn . — Examination revealed an clovatial, fungating, superficially 
ulcerated sessile, reddish tumor measuring 2 cm. in diameter and .'I’J cm. in heiglit, situnteil 
in tire skin on the right anterior chest wall ju«t above and medial to the right nipple. There 
was a halo of black pigment surrouwHng tire base of the tumor. This lesion wa.s fre<dy 
movable witlr no surrounding or satellite nodules. There were no significantly enlarge,! uxiilary 
Ivrnph nodes A roentgenogram of the-e simoaUal no ov.dencc of puimoimry metals' - 


The presumptive diagnosis was roelanot 
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Pis'. S (Cave •(). — To illustiato the scope ot opontion planned for evulsion cn a’"®'*? 
the pilinarj- melanoma of the abdominal avail and the sccondaiv deposit"! in the inpinnai 
lymph nodes. 
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tomy ^‘5 ,10 (Case 5).— A, Pumaiy melanoma m skm ^’a^mmoi* muscles 

ha™ebeln‘i'» classical Halsted-Me> ei techmcpie. Ihe mai ^ 

or the The amount of skin and fascia saerifleed can be juoge 

vvound and the drains. 
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B 

F>g 11 jCCa'se 6) — A, Fnmar% melAiioma m -skin of abrioniiria! wall note onluE<ci /n- 
euinal node B, Operati\e wound to <iho« mclnsue a\illan and inpruinnl dissections with 
wide remo\a! of sKin and fascia m contimiit\ to tncompass the prinnri nielmom i The fx- 
tent of the fascial dissection can be seen bt the location of the cccliMiiosts and the di ilns 
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Tnalmtnt . — Tho indipiition.s for n riulirsil iii!is1(‘(-1oiiiy wore here .'i' clearly ilefined 
-IS loi a caremoaia of the breast. AeeonliiiKly, a wide ellijdieal iti'-isioii was made from tlio 
iiMlliiry apex down to tlie epifjustrium eneomjiassinf; a wide .sefjiiient of .skin, 'i'lie t'kin Haps 
were dissected widely back and the entire breast and nipple, tof'etlier wifli the iiiiderlyinK 
fascia, were remmed with the axillary eontente. The jieetoralis nmjor and minor muscles 
were renuned and the axilla dissected in the customary Ilalati'd-Meyer technique. The fascia 
o\er the upper right rectus tnuscle wiis leinovod witli t!ie sjieeimen. It was possible to cITect 
.1 piimary closuic of the wound without akin graftin';. 

PatlioJoinc lUport . — Malignant nielanoma of the .skin adjacent to the niiijile. Tlic breast 
pioper was not iniolvcd. All of tiie axillary lymph nodes were studied microscopically .and 
none of them was found to contain metastatic inelanoimi. 

\ 




3 2 A- — ].>?‘3jon 1 cm. m diameter ^lituiited above imd medial to 

of growth for six month''. 


left Isoec. Hist"'-' 


Ca.sk C. — G. F., a :!0-.ioarokl white man, stated that as long as he ^ 
bo had hud a pigmented wartUUe lesion involving the nkiu of the left side of 
abdominal wall jubt at the level v/heie he wore his bolt. This lesion was constant j ir^ 
by tlie belt. Five weeks before application to the Memorial Hospital, he j j],p,e 

in tho lett gioin winch gradually incieased m si/e. On questioning, ho relate 
had been no apparent change in the skin lesion on the abdominal wall except ° famdy 
bleeding, which occurred for the fii.st time six months befoio. A biopsy made bj 


physician was reported as malignant melanoma. ^ jo 

Physical hxaminaUon . — On the skin of the left antciior abdominal wall ‘‘ 
lateial to the umbilicus and on a level siipcnot to the umbilicus was a one 

tumor, sessile in character and measuring 1.5 cm. in its laigest diameter. In tho e _ 
large lymph node could be felt m the superficial inguinal gtoup; the other Ijnipn n 
pable in tho femoral trigone did not seem significant. Tlie livci was not p.dpa J e a 
was no clinical evidence of metastatic involvement of the left axillary lymph no es. 

8 noglam of tlie chest gave no evidence of pulnionaiy metastasis. 





Fig. 12 — C, Open wound sho^Mng patella, exposed muscles of thigh and split inguinal 
ligament (with clamps). C, Wound closed ’iMth multiple drams D, Spocimen Removed tissue 
showing lesion below and contents of groin above. The fascia is removed from the muscle 
much more widely than the skin. 
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Diatinoaif !. — Malignnnt melanoma of flic skin of llio abdominal wall witli nictasia^cp <o 
tlic left ingainal lymph nodes. 

Treainifnt . — The skin of the abdominal wall superior to tho umbilicus contains lymphatics 
wliich drain chiefly to the corre.spondin" axilla. Because of tho known presence of metastasis 
in the loft inpninal nodes, the location of the primary melanoma in the skin of the left flank 
siijlhfly superior to the level of the umbilicu.«, and the known common route of lymphatic 
dissemination for malijrnanf .skin tunior.s of this location, a decision was made to apply 
the principle of e.Ncision and dis.secfion in continuity for the primary tumor and regional 
lymph nodes involved or possibly involved; that is, di.sscction of the left axilla and left groin, 
together with the primary tumor. A long elliptical incision was made which included all 
of the skin between the left axilla and the femoral iind inguinal regions, together with a 
wide strip of abdominal skin eneonipassing the prim.ary melanoma at it.« central part. The.se 
lateral skin flap.s were dissected widely back in the .same manner a.s when a radical mastoefomy 
is pcrfonncKl. The di.s.scction in the left groin included tho removal of the inguinal and 
femoral lymph node.s after which Poufiart 's ligament was sjilit and the di.s.scction v.'as continued 
retroperitonenlly to remove the lymph nodes in the external iliac group, ns is done in the 
classical groin dissection. The subcutaneous fat and deep fascia were then removed exposing 
the underlying musele.s of the abdominal wall and chest, ttnd the axillary lymph node.*, fat, and 
areolar tis.sue were removed from tho left axilla. Tho wound wa.s closcii with interrupted 
black silk .sutures without grafting. ^fultiple drains were ins-erted. Convalescence was 
uneventful. 

Patholof/ic Jirporl. — ^falignaiit melanoma with metastasis to one inguinal lymph node. 
Twenty-five other nodes from the inguinal and a.vill.arv groups- were examined microscopically 
and no metastatic foci were found in any of tliom. 


T.\bi,e I. Coxrr.via.soK in FttEQVKNrY of D)C.\r. JlKcrr.iat.s’CK ok M.\l!o.va.vt .Mki..vnoju.‘: and 
SQUAMO fS-CfLE CAnCINO.MA.S OF THE SKJN FOIJ.OWJ.VG Sl-imiCAE REMOVAE 
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Conclusion: Melanomas of the .skin Inv.-iriabty recur will) greater frequency than squa 
mous-cell carcinonia.s following .surgical removal, regartllcss of the anatomic site. 
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VIRILISJr IN WOSIEN 


Victor Brito, JI.D., and A. Eivnno, M.D., Caripito, Venezuela 

(From the Ilospital of fhr Crrolr Petroleum Cotpoiaiion in Caiipito, Venezuela and the 
Maternity Kospital and Luis Pazeiti Institute, Caracas, Venezuela) 

1NTROUI7CTIOX 

I N VIEW of the pliysical and mental elianges to wliich tlie syndrome of 
virilism maj- give rise, the condition is clinically and psychologically most 
striking. Although it may also be encountered in children, the ensuing remarks 
will be restricted to the syndrome in adults. 

The symptoms and signs of virilism may be classified in two main groups: 
(1) those strictly defeminizing and (2) those which are considered masculin- 
izing. Hermaphi’oditism may, on occasions, be associated with a pictiu’e of 
virilism. Fundamentally, the two conditions are distinct. In hennaphroditism 
a true congenital malformation is present, whereas in virilism it is essentially 
a question of transfoi-mation in an olhei’wise normal person prior to the onset 
of the syndrome. 

Our attention was drawn particularly to this unusual picture cm the oc- 
casion of encountering a case, described more fully elsewhex’e.' Subjected to 
siu'g’ieal h-catment, the patient made an uneventful reeoveiY and showed re- 
gression of the sjTnptoms of virilism aftei’wai’d. Tliis was a ease of aimhenoma 
of the ovary. These tumors, which are comparatively rare, are not the onlj' 
etiologic factor to be sought. Lesser grades of virilism without apparent clin- 
ical importance have also been observed. Pathologic studies of these eases, as 
well as the increasing knowledge gained in recent years about hormones and 
active biologic bodily chemical substances, have considerably increased our 
underetanding about them and likewise permitted the use of new procedures 
to establish the diagnosis. 

% 

The defeminizing symptoms and signs are generally the first to appear. 
They include cessation of the menses, atrophy of the breasts and endometrium, 
and sterility. The masculinizing signs and symptoms are more numerous than 
the former, of wider distribution, and do not always completely recede. This 
is especially true in hypertrophj- of the clitoris. These signs may be con- 
veniently grouped aecording to the system affected. Thus, there are dermal, 
skeletal, vocal, muscular, and mental changes. Among the dermal alterations, 
increased pigmentation has been mentioned although the change in hair dis- 
tribution is more pi’ominent. It aifects that of the face, breasts, abdomen, and 
loxver extremities. A loss of the normal feminine curves probably ascribable 
to chajjges in the distribution of tlie body fat xnight be included here. Such 
is not the case of inci'ease in the width of the shoulders or i]i the gait and con- 
tours of the neck and lower extremities, moi-e reasonably linked with changes in 
the musculoskeletal system. The increased width of the shoulders is observed 
in cases of long duration, where there is, in addition, alteration in the distribu- 
tion of the body fat and at times loss of weight. The change in voice with the 
assumption of a masculine tone is often an early manifestation. In our ease 
this was so. The patient ’s husband no longer recognized her voice over the y 
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(elephone. Jfemal or psychic chaiiges range from loss or redaction of the libido 
to alteration of the patient’s character. It may also contribute to llie masculine 
facial expression assumed by some. 

In the case which came to our attention/ ascribable to arrhenoma, there was 
first increased growtli of hair of tlie lower extremities. Tin's gradually assumed 
a faunlike distribution, including tlie buttocks. Also, the hair on the skin of 
the upper lip became more prominent. Tlie month following that in which the 
initial .symptoms occurred, the menses failed to appear, except for a .spotting 
for a few days several months after the initial amenorrhea. The amenorrhea 
itself pereisted until after operation. Still another month later, hair appeared on 
the sides of the face, and this compelled the ])atient to shave once or twice a week. 
At this time the voice assumed a masculine tone. The pubic hair increased in 
amount and extended to the abdomen in ma.sculine fa.shion. On admission, one 
and one-half years after the onset of the symptoms, hii-sutism was also observed on 
the bi-casts. No skeletal changes wore apparent. In addition, prominent hj^jer- 
trophy of the clitoris was noted and the uterus was a bit .small. A mass approx- 
imately the size of a large orange could be jmlpated ij) the right iliac fossa and 
right vaginal fornix on bimanual examination. 

The tumor, which I’cplaccd the ovary, was excised together with the tube 
on the same side. Recoverj- was uneventful and the patient was discharged on 
the fourteenth postoperative day. The mcn.ses came on again one month later 
and appeared regularly thereafter .iiist as before the onset of amenorrhea one 
and one-half years before. At examination six months after the operation, the 
voice was feminine, there was practically no hirsuitism, the libido had returned, 
there were no apparent psychic changes from the nonnal, and the patient had 
gained ten pounds. The clitoris remained slightly larger than noimal. 

ETIOLOGY 

All details pei’taining to this case seem to indicate that the arrhenoma was 
responsible for the picture of mrilism. This finds additional .suppoi't in dis- 
appearance of sjTnptoms after excision of the tumor. Ai'rhenomas are the 
ovarian tumors generally associated with the syndiome of virilism in women. 
The term itself has been coined to emphasize the common trait of their biologic 
activity and is preferred by Ewing- to the designation of airheuoblastoma, intro- 
duced by Sleyer.® Among these tumors some arc highly differentiated patho- 
logically, as was the first to be described bj* Pick^ one of the so-called tubular 
testicular adenomas. Pick’s case and those similar to it stand at one extreme 
of the scale, in contrast with the others, which constitute the undifferentiated oi 
.sarcoma-like group. Our case was of the latter variety. A detail as yet un- 
explained in the I’elationship Avhich exists up to a ceiTain degree between the 
various member’s of the arrhenoma group and the extent and intensity of the 
clinical featui'es lies in the fact that certain ovarian tumors, which IiistoIogicaUj^ 
correspond to the arrhenomas microscopically, have been formd in the absence 
of any signs of ririlism, as is also true for the inverse.-'^ Virilism has been re- 
ported in association with luteomas and hjpernephromas of the ovaiy, and in 
a less pronounced manner also in the presence of a newly deserilied affection o 
the ovaries designated diffuse ovarian luteinization.® Because of the is- 
crepancy In the pathologic picture and in the clinical features of some m- 
rhenomas, exception has been taken to the indistinct ttse of this term to ine u e 
them. 

The adrenal glands, too, plaj^' an outstanding role as an etiologic factoi^ ui 
viriUsm in women. We are indebted to Cahill and collaborators' for clarifying 
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consiilcvalily this phase of the etiology of virilism. Il has been definitely linked 
with tumors of the gland associated with an increased production of androgens. 
These authors explain that in general the various clinical pictures to which 
tumoK of the gland may give rise vary according to the hormones secreted, their 
amount, and the age and sex of the pci-son affected. 

After puberty and before the meno])au.sc, the adrenogenital syndrome is 
produced. It is manifest by the appearance of male secondary .sex character- 
istics and the repression of female characteristics and function. This has also 
been called adrenal virilism.® llii’sutism is the first change noted and this is 
followed by irregularity or ce.ssa{ion of the meiiscfi, changes in the body con- 
tour, and enlargement of the clitoris. Its occurrence is not infrequent and from 
an analysis of many cases, it has been found that the anatomic condition of 
the gland often bears no definite relation to the typo or severity of sjnnptoms.’ 
Tumoi-s are cited as not a frequent cause. Loss of libido and its invereion have 
also been reported. The change of voice to a masculine type, frequently ob- 
sen-ed, is a.scribed to lengthening of the vocal cords. Changes in the secondarj’’ 
sex organs appear later than menstrual or dermal alterations, although the 
younger the woman the moi'o pronounced they are. In the young the tendency 
is toward underdevelopment ; in the old, toward atrophj'. 

The changes associated with excess androgens excreted in the urine are 
also in direct proportion to the biologic effects produced. This increased ex- 
cretion may be far above that excreted normally by man. 

Certain doubt has been cast regai’ding the port the hypophysis may play 
in producing virilism. This is based on observations gathered from different 
soui'ces. \\^hen arrhenoraa may be excluded, hyperplasia or adrenal cortical 
neoplasia is to be favored. Of ten eases which came to autopsy reported by 
Ceist and Gaines,® seven were cortical adrenal adenomas and three adrenal 
carcinomas. In all cases the ova lies were small or nonnal in size with little 
evidence of follicular activity. Tliese findings are also confirmed bj’' the au- 
thors cited, in a review of the literature wherein similar cases were found and 
in which complete necropsies were performed. 

The possible role, on the other hand, of certain thjTuic tumors in the etiology 
of virilism is denied by Silver,® inasmuch as adi’enal cortical hyperplasia with a 
nomal pituitary has coincided and may not reasonably be excluded. 

On the other hand, there is a suggestion that it may indirectly pi'oduce 
virilism through its action on the ovaries. Experiments in mice and in human 
beings with gonadotropins^® lend support to this view, as well as a case of 
basophilic adenoma with diffuse ovarian lueteinization reported by Bergstrand.^® 

PATHOLOGY 

From the remarks previously made, pathologic considerations will neces- 
sarily be resti’ieted to the ovarian changes and those of the adrenals. In the 
ease of some neoplasms of the adrenal glands reported to date, the element of 
outstanding interest to the clinician, frank malignancj" of the tumoi's is gen- 
ei’aUy reeogirized. It is an outstanding example of the outdated question as to 
whether malignant tumoi’s might simultaneously be capable of secreting active 
biologic substances comparable to hormones. Hyperplasia or adenomas do not 
naturally bring up this question of malignancy. Tlie extent and severity of the 
symptoms to which they may give rise, on the other hand, become important 
delemining factors on contemplating a radical surgical therapeutic measure. ^ 
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In the case of the ovaries, llic malignant nature of the neoplasms seems more 
comijlex. In the histologically undifferentiated types the appearance of those 
■wliich present a sarcoma-like structure is rather one of malignancy. The inverse 
is time, however, for the differentiated varieties in wliicii tubular testicular 
structures are reproduced morphologically closely akin to those observed in the 
testicle. Generally .speaking, the malignanci' of this group of tumors as a 
whole is considered on the attenuated side, ’i'et frank recurrence lias been ob- 
served on several occasions. In reference to this fiue.slion the ohsciwations of 
Novak convoy a warning as to the logical restraint which mu.st still he obseiwed." 
He points out quite pertinently that in view of the rare occurrence of the.se 
cases, publication has preceded a uidc cnonirh interval of obseiwation to .itidgc 
adequately on this ])oinl. 



Fifr. 1. — Pliolomicrosrap!) of tumor. 



To tile surgeon and the clinician who have to contemplate the possibility 
of appropriate treatment, the size both of the adrenal gland or of the ovarj 
assumes considerable practical importance. Tlie adrenal enlargement ma.> no 
be sufficiently pronounced to diagnose correctly and that of the ovary may be 
essentially imperceptible when tlie tumor occupies only part of the gland an 
may be of considerably reduced dimensions. These cases, however, aie t ie e-' 
ception ratlier than the rule. According to idarehanfl and Fibiger, adrena^ 
enlargement from cortical hyperplasia may increase to tlie size of the kidney. ' . 

"Adenomas, too, may reach considerable proportions, weighing as nnic i as 
O four ounces.^ In adrenal carcinoma, Ewing= .states that the earlier tiimo 


UUITO AKD HlYinsO: V1I!1!,1SM IN' WOMKN 


871 


are sjnaller aiul emhedded in ilio enlarged {ulrciial frland, (he oiidino of wiiicii 
may be partly retained, lie further stato.s Hint at autopsy (hey arc found lo 
be large, involving (he entire gland, adherent to or fused with (he kidney, and 
bound to neighboring structures by many extensions. 

Arrbenomas are, in general, of moderate size.'' The largest as yet ob, served 
was about the size of a man’s bead. The testicular adenoma is the one which 
tends to be small, firm, and well cnoapsulatcd.® The othci's are larger and gen- 
erally unilateral. Secondary changes may also be encountered in them as well 
as in the adrenal tumors. Since these may be considered as intrinsic pathologic 
alterations, no further mention will be made of them except for the case of hem- 
orrhage or necrosis which may be safely presumed to give rise to local signs or 
even slight elevation of temperature. 



Fig. 3. Gloss aspect of part of tumor already fixed, showing cystic cavity. 

DIAGNOSIS 

Inasmuch as increased androgen excretion in the urine has been reported 
in eases of arrhenoma'® as well as in those of virilism associated with adrenal 
neoplasia or hyperplasia,' the use of this estimation appeal’s as yet only of 
limited value. In cases in which tlie adrenal gland is tlie site of neoplasia or 
sufficientlj’' pronounced hyperplasia which may bring about a noticeable in- 
crease in its volume, periglandular air insufflation following the technique in- 
troduced by Cahill and associates’' piior to making a roentgenogram of the 
region has in such cases proved of definite diagnostic value. Certain reserve in 
assuming too dogmatic an attitude in reference to the cause is, hoAvever, ad- 
visable. Ovarian enlargement from some arrbenomas is hardly perceptible. 
On the other hand, it may be prominent, as was pointed out previously. Moder- 
ate enlargement has also been observed in diffuse ovarian luteinization, in which 
ease conservative therapj’' is advisable. Although we ignore the association of 
other ovarian tumors or arrhenomas with cortical adrenal changes conducive to 
virilism, the possibility of encountering such cases would seem to warrant routine 
radiologic study of the lumbar region in virilism Avith preceding pen'glandular 
air insufflation. 

The references to the investigation of androgenic urinary elimination 
Avhich AA'c have had occasion to consult arc limited. It may be that more de- 
tailed studies in this field are neeessaiy in an effort to determine any possible 
qualitative or quantitative differences Avhich might prove of specific diagnostic 
value Besides the special investigations Avliich may be pursued in 1he.se eases, 
those obviously pertaining to the histoiy and physical examination may add con- 
siderable Aveight to the diagnosis Avhen metastasis is associated Avith an adrena- 
mass or Avhen a definite ovarian tumor is palpated. 
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Ix'cn (lofinitcly rcdiiecfl ; anfl in order 1o evahialc liie resiills 
have been ohlained by Ibe use of elienioUu'rajit'Uiia atteibs and oilier 
methods of therapy, this study -was undcrtalceii. 

The ])atientK with ruptured appendicitis admitted to tiu; Charity 
Hospital in New Crleans in lt):W and in lOPS wei-e studied and ana- 
lyzed. These two years Avere eho.sen, a decade ajiart. because in the 
former proup no sulfonamide drutJ:s were emiiloyed. no attention v/as 
paid to plasma ])roteins. and "nstrointestiiial decomjire.ssion was innde- 
(piately used, whereas in the latter uroup sulfonamide rlruc-s were used 
in 07.5 per cent of the eases. jAlasma or blood was administered in 45 
per eent. and deeonijiression wa.s employed in 88 j)er cent of ea.ses. It 
is of interest that the ineidenee of ruptured a])pendieitis as compared 
with the total hospital admi.s.sions has definitely decreased in the 
Charity Ilo.spital as determined by this study (h'i”:. 1), In 103.8 there 
were 55.437 total hos])ital admi.s.sions, amonp which there were 150 
cases with ruptured ajipendieitis, a jiercenface of 0,28, In the year 
1043 there were 42,105 total ho.spital admi.ssion.s. amonu: which there 
were 83 ea.ses with ruptured appendicitis, a jiei-eentace of 0.10. 3'his 
decrease in the relative incidence of ruptured appendicitis jirobably is 
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Fif?. 1. — Dinsram showiriB the inchlencc of append ic;il peritoniti.': In relation to total 
ho.spital admi.“.sion.s in L.oui.slnn.a Chaiilj' Ho.spital in Xcw Orleans. 

due to the education of the laity and of the medical profession so that 
earlier diagnoses are made, and the patients are referred to the ho.s- 
pital before rupture lias occurred. 'Dial catharsis is still a prominent 
factor in the production of appendical rupture is evidenced by the 
comparison of the two series. In the 1933 group of 81 cases, in tvliich 
it was .stated whether or not the patient had received catharsis, there 
were 73 cases (90 per eent) in which it was administered. In the 1943 
group of 51 cases, in which it was stated Avhethcr or not catharsis Avas 
given, 46 patients received catharsis, Aidth an identical incidence of 
90 per cent. 

Following ruptiu’c of the vermiform appendix, one of three compli- 
cations can occur, depending to a certain extent upon the time that the 
patient is seen and opei-ated upon. Immediately after the rupture, 
unless there has been an overAvhelming infection and cxtensiA^e con- 
tamination, there Avill result a localized peritonitis. If it remains 
localized, it will either resolA’e or Avill form a localized abscess. In 
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the presence of an overwhelming infection, or as the result of con- 
tinued catharsis, or when produced extremelj^ virulent organisms 
in an individual wliose resistance is diminished, a spreading infection 
and generalized peritonitis will occur. In the 1933 group of 156 eases, 
52 patients had a localized peritonitis (33.3 per cent), 45 a localized 
abscess (29 per cent), and 57 (36.5 per cent) had generalized peri- 
tonitis, whereas in the 1943 group of 83 eases, 29 (35 per cent) had 
localized peritonitis, 33 (40 per cent) had localized abscess, and 21 
(25 per cent) had generalized peritonitis (Pig. 2). It is thus seen 
that the incidence of localized peritonitis is about the same in both 
groups, and that the incidence of localized abscess increased in the 
latter period from 29 to 40 per cent. The exact cause for this increase 
is not clear, but would indicate a delay in the admission of the patient 
to the hospital and may be the result of the treatment of these patients 
at home with sulfonamide drugs by their physicians without a diag- 
nosis being made. It is gratifying that the incidence of generalized 
peritonitis in tlie latter series is less, 25 per cent as compared with 36.5 
per cent, which may also reflect the use of sulfonamide dimgs before 
the patient is admitted to the hospital. Unfortunately, it was impos- 
sible for us to ascertain from the records of these patients whether or 
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Pig. 2 Diagram showing the type and incidence of peritoneal involvement in 

the patients with ruptured appendicitis admitted to the Charity Hospital' in 1933 
and in 1943, 


not sulfonamide drugs hud been used, although in many instances it 
was stated that the patient had been given some medication by his 
physician. 

The duration of the symptoms before treatment, that is, before ad- 
mission to the hospital, is interesting; and, although there is no par- 
ticular difference in the tivo groups of cases, the 1933 and the 1943 
periods, there is considerable difference in the types of peritoneal 
reaction (Pig. 3). In the cases with localized peritonitis in the 1933 
series, the duration of symptoms before treatment varied from one to 
eight ’days, with an average of 3.2 days. In the 1943 series it varied^ 
from one to seven days with an average of 3.1 days. The average from 
the two groups was 3.1 daj^s. In the group of cases with generalized 
peritonitis in the 1933 period, the duration of .symptoms before treat-., 
ment varied from twelve hours to seven days with an average of 




ST6 


SUHGERY 


days. In the 1943 period, it varied from one to fourteen day.s, witli an 
average of 3.8 days. I'he average for botli gi-on]).s -vvas 3.4 day.s. In 
the eases with localized abscesses, the duration of symptoms before 
treatment was definitely longer, as might be expected, because suffi- 
cient time must elapse before an abscess can develo]). In the 3933 
period, the duration varied from two to twenty-one days with an 
average of 9 days. In the 1943 period, it varied from one to thirty 
days with an average of 9.3 days. 'I’he avei'age for both groups was 
9.1 days. 

Although it was not stated in all records whether or not the patient 
was acutely ill, the statement was given in 94 of the 1933 cases, of 
which 68 patients (72.3 per cent) wore described as acutely ill. In 6.6 
of the 1943 eases, a statement was made concerning the patients’ ap- 
pearance. Of these, 38 (67 per cent) were dc.seribed as acutely ill. 
This sugge.sts that the jmlienfs in 3933 were somewhat more ill at the 
time of admi.ssion to the ho.spital than those of the later group. That 
this contention is not correct is evidenced by a breakdown of the 
figures for the different type.s. In patients with localized peritonitis 
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Fifr. 3. — Diagram allowing the Cur.ation of .symptoms in tlie patients with , 

appendicitis admitted to tlie Charity Jlo.sid'.al. according to tlio type ot periion . 
involvement. 

in 1933, for in.stancc, .'51.2 per cent were described as being acutely ill 
at the time of admission as conti'asted with 75 per cent in the 1943 
period. Also in the cases of genei-alized pci-itonitis, 90.4 per cent o 
the patients in the 1933 period tvere dc.seribed as acutely ill com- 
pared with 94.7 per cent in the 1943 group. In the cases with localized 
abscess there was a definite difference between the two groups since 
62.0 per cent of the patients appeared acutely ill in the 1933 peiiod as 
contrasted with 33 ])er cent in the 3943 group. Combining the tvo 
periods, it was found that 57 per cent of those witli localized peritonitis 
appeared to be acutely ill, of those with localized abscess, 4i per cent, 
and of those with generalized peritonitis, 91 per cent. 

The temperature and pulse readings did not vary signifieantlj m 
the two periods. As might be expected, the mean averages in t e 
cases with generalized peritonitis were higher than in the cases m 
which the infection was localized in the light lower quadrant. 
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The physical findings varied according to 'the type of peritoneal 
iiu'olvenient. Tenderness was generalized in 27 per cent of the cases 
Avith localized peritonitis, in 23 per cent of the cases Avith localized 
abscess, and in SO per cent of the cases Avith genei-alized peritonitis 
(Fig. 4). The point of niaxiinum tenderness Avas in the right loAver 
(luadrant in 91 per cent of the patients Avith localized peritonitis. It is 
of inle7-esl that in this gj-oup of eases the point of maximum tender- 
ness was in the right lumhar or flank area in 4 cases, in the region of 
the umhiliens in 1, and in the left loAver quadrant in 2. In the patients 
Avith localized ahsce.ss, the right loAver quadrant Avas the point of niaxi- 
nnim tenderness in 95 per cent of cases. Interestinglj' enough it was 
in the region of the umbilicus in one case and in the right flank in 2 
cases. In the cases of genei'alized jjeritonitis the point of maximum 
tenderness A\^ns in the right loAver quadrant in 95 per cent, in the left 
loAver quadi-ant in 2 cases, and beloAV the innhilieus in 1 ease. Whereas 
generalized rigidity is usually accepted as a sign of geneial peritonitis 
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Fig. 4. — Diagram showing the incidence of generalized and localized tenderness in 
the various types of appendical peritonitis. 


and Avas present in 72 per cent of oxxr patients, such is not ahvays the 
case, because in 20 per cent of the cases of localized pei’itonitis and in 
15 per cent of the cases Avith localized abscess, this finding Avas present. 
Rigidity in the right lower quadrant was present in 90 per cent of the 
eases with localized i^eritonitis, in 83 per cent Avith localized abscess, 
and in 94 per cent with generalized pei'itonitis (Pig. 5). Abdominal 
distention can occur either in generalized or in localized infections. It 
Avas present in 40 per cent of the eases with localized peritonitis, in the 
same number of cases Avith localized abscess, and in 86 iier cent of cases 
Avith generalized peritonitis. 

Seventy-fiAm per cent of the patients Avith localized abscess had a 
palpable mass (Pig. 6). This Avas located in the right lower quadrant 
in 86 per cent of cases, in the cul-de-sac of Douglas in 10 per cent, in 
the right flank in 2 per cent, and in both loAvcr quadi-ants in 2 per 
cent. A palpable mass Avas pi-esent in 17 per cent of the cases Avith 
localized peritonitis and in 97 per cent with generalized peritonitis. 
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The laboratory fiiulings in all the groups of cases of ruptured ap- 
pendicitis were approximately the same, there being little difference 
in the various series. The leucocyte counts in the eases with localized 
peritonitis varied from 6,000 to 35,000, with an average of 15,900 and 
an average polymorphonuclear count of 84 per cent. In the cases with 
localized abscess they varied from 4,000 to 35,000, with an average of 
15,300 and an average polymorphonuclear count of 83 per cent. In the 
eases with generalized peritonitis these ro.spective figures irere 4,000 
to 32,500; 15,100 and 86 per cent. It is evident, therefore, that the 
leucocyte and Schilling counts ai'c not reliable in determining the 
extent of peritoneal involvement. 
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Fig. 5. — SiBn.‘= of appcnilic.Tl peritonitis. 


The therapy in the 1933 and the 1943 periods varied considerably. 
In 1933, a large number of ceeostomies were done. In fact, 50 per cent 
of the patients with localized peritonitis complicating ruptured ap- 
pendicitis had a complementary eecostomy (26 of 52 eases), and an- 
other had an ileostomy. Eight had appendectomy alone, 4 had ap- 
pendectomy and eecostomy, 18 had appendectomy, eecostomy, and 
peritoneal drainage. None were treated conservatively. In the 1943 
series, of which there were 29 cases, 24 had appendectomy alone, 1 had 
appendectomy and peidtoneal drainage, 1 bad appendectomy and free- 
ing of adhesions, 1 had drainage of the peritoneal cavity alone, and 2 
were treated conservatively, initially. In generalized peritonitis the 
number of eases in which eecostomy was used in 1933 was even higher 
than those with localized peritonitis. Of the 57 cases, eecostomy was 
done 51 times, appendectomy 55, peritoneal cavity drainage instituted 
in 49, and no operation was performed in 2. In 21 eases of generalized 
peritonitis in the 1943 group, 14 patients had an appendectomy, 1 had 
peritoneal drainage, and 6 had no operative procedure on admission. 
Of 45 patients with localized abscess treated in 1933, 3 had an ap- 
pendectomy alone on admission, 13 had appendectomy and drainage, 
20 had peritoneal drainage alone, 3 had appendectomy and comple- 
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lueiitary cecostomy, 3 had a])pcndceiomy, eecostoniy, and periloneal 
drainage, and 3 liad nothing done. Of 33 patients treated in 1943, 11 
had appendectomy alone on admission, 3 liad apiicndeelomy and pei'i- 
toneal drainage, 1 liad appcndeclomy and freeing of adhesions, 9 had 
peritoneal drainage alone, 3 had exjdorat ions leaving the inflammatory 
mass nndistnrbcd, and 6 were not operated upon. 



Fig, 6.- — Diagram showing tlic incidence of palpable localized mass in various 
^Pfs of appendical peritonitis. Although this finding is present in generalized peri- 
tonitis and in localized peritonitis in a small group of cases, it is particularly Im- 
portant in those cases with a localized inflammatory mass in which conservative 
treatment is particularly indicated. 

The postoperative treatment varied considerably in the two series 
of cases. Whereas the use of Fowler’s position, the heat tent, mor- 
phine, and parenteral fluids varied little in the 1933 and the 1943 
series, sulfonamide drugs, oxygen, blood, and plasma Avere employed 
much more frequently in 1943 than in 1933, in fact none of the patients 
in the 1933 eases received any sulfonamide drugs (Figs. 7 and 8). 

The postoperatiA’-e complications consisted generally of Avound infec- 
tion, residual peritoneal infection, ileus, and pulmonary lesions. In 
the patients Avith localized pei’itonitis, 11 per cent of those in the 1933 
series dcAmloped subsequent residual infection, Avhereas 21 per cent in 
the 1943 series deAmloped the same complication. In patients Avith 
localized abscess, this complication occurred iii 18 per cent of the 1933 
series and in 15 per cent of the 1943 group. In those AA'ith generalized 
peritonitis, the complication occuiTcd in 23 per cent of the 1933 series 
and 10 per cent of the 1943 series. Because of inadequate description 
in the earlier cases, little could be determined concerning the incidence 
and extent of postoperative ileus and, therefore, a comparison of the 
tAvo groups is not possible. The distinct impression is gained, liOAveA^ei’, 
that the almost routine use of the indAvelling duodenal catheter and 
Wangensteen suction has decreased materially the incidence and 
severity of adjmamic' ileus. 

The incidence of pulmonary complications in localized peritonitis 
Avas 9 per cent in the 1933 series and 7 per cent in the 1943 (Fig. 9>. 
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TJlis complication oeenrred in localized abscess in 6.8 per cent in 1933 
and in none in 1943. It complicated generalized peritonitis in 12 per 
cent of the 1933 series and 10 per cent of the 1943 scries. Forty-hvo 
per cent of all the pulmonary complications were riglit lower lobe 
pneumonias which probably were the result of an atelectasis produced 
by .splinting of the right diaphragmatic leaf. 



£lu.i(ds Plasma 

Fig, 7. — Postoperative tlicrupcutic nicat.urcs used In appendical peritonitis. 
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lOg. 8. — Postoperath e therapeutic measures used in appendical peritonitis (continue ) 

The therapy used today is more effective than that employed in 
as evidenced by the deei-eased morbidity (Fig. 10) and mortality ( ^ig- 
11). Ill the patients with localized peritonitis, the average hospi a 
stay in the 1933 scries varied from 8 to 119 day.s, with an aveiage^o 
30.3 days, whereas in the same group of cases in the 1943 seiicnr-v 
hospital stay varied from 8 to 72 days, with an average of 18 ^ 



OCHSXER AND JOHNSTON: Al'PENDIGAL I’KRITONITIS 


881 


The liospital stay in the eases with localized abscess in the 1933 group 
varied from 8 to days, with an average of 27.9, whereas in the 1943 
scries these respective figures were 4 to 52, or 20.7. In generalized 
peritonitis, the average stay in the hospital varied from 13 to 81 da 3 'S 
in the 1933 scries with an average of 38.2, whereas in the 1943 group 
it varied from 9 to 98 daj-s with an average of 26.1. An attempt was 
made to contrast the morbidities in the two series by determining the 
periods of pyrexia but no significant difference was found. 



Pig. 9. — Incidence of pulmonary complications In appendical peritonitis. 



Fig:. 10. — Diagrammatic representation of the average duration of the hospital stay 
m various types of appendical peritonitis. 


A comparison of the mortalitj-^ rate in the two groups of eases is 
of interest and significance (Pig. 11). In the Charitj’’ Hospital series 
there is a rather large number of patients who were moribund upon 
admission and who died shortlj*^ after admission. Since no form of 
therapy is successful in these cases, we have excluded from the analj'- 
sis those dying within the first twentj’-four hours; 8 of these were in 
the 1933 series and 7 in the 1943 group. The combined mortality rate 
in all types of appendical peritonitis in the 1933 series was 35 per cent 
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and in tlie 1948 sarios was 5.2 per cent. In tlic gi'onp of })afient.s with 
localized peritonitis in 3933. there were 7 dcatli.s in the 52 ease.s, a mor- 
tality rate of 33.4 per cent. In the 29 patient.s witli localized peri- 
loiiitis admitted in 3943, there Avere no death.s. In the ca.se.s witli 
localized absce.ss. the mortality rate in the 3933 group was (5.8 per cent 
as contrasted Avith the mortality rale <»f (5 ])er cent in the 3943 group. 
In the eases with generalized peritonitis, llie mortality rale in the 1933 
■rroiip was 23.5 per cent, Avherca.s in the 3943 grouj) it was 34.2 per 
cent. It is evident that the mortalities both in the localized and in the 
generalized pei-itonitis groups were less in the 3943 than in the 3933 
series, whereas there is no significant variiition in the mortality rales 
with localized abscess in the two .series. The im])rovement in the mor- 
tality .stati.stics in the more recent eases Avitli localized and with gen- 
eralized peritonitis is due in part at least to tlie use of .sulfonamide 
drugs since these ohemotherapeuties are known to be of value in in- 
vasive infections. The lack of im])rovcment in the mortality statistics 
in the more recent cases Avith localized ab.sce.ss is probably due to the 
ineffectuality of the sulfonamide drugs in localized suppuratiA'c proc- 
esses. This is A\mll appreciated by most physicians at the present time, 
and these statistics dcmon.strate the necessitA* of instituting drainage 
of localized collections of pus before sulfonamide drug.? can be ef- 
fectual. As has been shoAA-n repeatedly, the presence of pnra-amino- 
beuzoic acid and other sulfonamide inhibitors in purulent exudate and 
necrotic tissue nullifies the action of the .sulfonamide drugs. 


O/o 



Fig. 11. — ^Diagrammatic representation o£ the mortality in appendical peritonitis 


Whereas the progressiA-e decrease in the moi’bidity and the nioita ity 
I'ates at the present time in appendical peritonitis might be attiibutec^ 
by many to the use of sulfonamide drugs, and Avhereas undoubte y 
those chemotherapeutic agents do exert a beneficial effect upon le 
invasiA'e infections of the peritoneal caA’ity, it is our belief that not a 
the credit can be given to these substances. That tlie mortality late in 
acute suppurative aiipendicitis can be affected beneficially by t e 
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sulfoiiiimitlc (Irufis w:is denioiist rated by the results of Kavdiii, Klioads, 
and Lockwood/'’ avIio sliowcd that they were able to decrease the 
mortality rate from Lb ])er cent in those cases to 0.4 per eent in a 
serie.s of cases iti which sulfonamide drufrs Averc fiiA’cn orally and pnr- 
euterally. Dees” was probably the first to use sulfonamide drugs in- 
trapcritoneally in cases of perforated appendicitis and reported good 
re.sults by this method of administration. The local implantation of 
sulfonamide drugs has been u.sed since 1040 at the Roosevelt JTo.spital 
in New York. Thompson. Drab.son, and Walker'”’ reported in 1941 that 
in a series of 51 cases of appendical ab.seess and appendical peritonitis 
in which svdfonamidc drugs were used there were no deaths, as con- 
trasted with 0.78 per cent and 11.2 per eent, re.spcetively, in a .scries 
of 166 eases in which chemotherapy was not used. The beneficial 
results from the use of sulfonamides in the treatment of peritonitis is 
attested by many reports.’’ -• 

'I’here is no uniformity of opinion eoneerning the waj’ in which sul- 
fonamide drugs should be used or which of them should be employed. 
Since the original use of the sulfonamide drugs intrapcritoneally by 
Dees” and the popularization by Thom])son and his eo-Avorkers'”’ at 
the Roosevelt Hospital in Noav York, many have used sulfonamide 
drugs intraperitoneallj'- and there has been considerable experimenta- 
tion on both the effectiveness in and the effects of sulfonamides in the 
peritoneal cavity. Throckmorton-’’® studied the peritoneal reactions to 
A'ai’ious sulfonamide compounds and found that in addition to the 
bacteriostatic effect of the sulfonamides, they probably are beneficial 
in peritonitis by increasing the local cellular mechanism. There Avas a 
considerable variation in the amount of cellular reaction produced, the 
reaction varying from a slight response of the peritoneum to sul- 
fanilamide, to the A'^ery marked reaction produced bj^ sulfapyridine. 
He considers sulfathiazole to be the ideal agent for intraperitoneal use 
since it is specific against a large number of microorganisms, it is rela- 
tiAmly innocuous to the peritoneum, it has a prolonged bacteriostatic 
effect, and it stimulates some local peritoneal response, similar to any 
other foi’m of peritoneal vaccination. Walter and Cole,®’ from experi- 
mental Avork on animals, came to the conclu.sion that sulfadiazine Avas 
the best sulfonamide to administer intrapcritoneally. They noted that 
the blood leAml foIloAAung the intraiieritoneal administration of sulfa- 
diazine Avas higher than AA'heu sulfanilamide was used. Rosenberg and 
Wall,’- from their experimental AA’ork, suggested the use of sulfanil- 
amide in the peritoneal caA’ity. Laufman and Wilson®-"’ Avere able to 
protect rats from peritoneal infection by the intraperitoneal use of 
sulfanilamide. Tashiro, Pratt, Kobayashi, and KaAA'aiehi’® recommend 
the local implantation of sulfanilamide in eases of peritonitis and re- 
port good results as obserA-ed both clinically and experimentallj’-. 
Others aaLo haA*e advocated the use of sulfonamide drugs intraperi- 
toneallj’- are Gardiner,’® Elman and Eckert,’® Estrin,’® Hudson and 
Smith,®® Kinney,®® Lee,®® McGehee,®® Presnell,®® RaA'din, LoelcAvood, and 
Rhoads,®® Rea,-*’ Smyth,-” Thompson, Brabson, and Y’'alker,^® Tether,-'® 
Y’'ellborn and Stubblefield,-"’® Jackson and Coller,®’ Ryan, Bauman, an ■ 
Jlulholland,-'® and Laird and StaA'ci-n,®’* On the other hand, there 
many aa'Iio are of the opinion that sulfonamide drugs should m. 
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used locally in the peritoneal cavity. Harvey, ^Melcney, and Kennie/'’ 
from their experimental studies, came to the conclusion that sulfon- 
amide drugs, especially sulfathiazolc, were cfTicacious in protecting 
against peritonitis, ])uf were more efficacious when given systemically 
than when given intrai)erit()neally. Lessc.s and Starr** report 2 pa- 
tients with toxic manifestations following intraperitoneal use of sul- 
fonamide drugs. Jackson and Coller*' have reported similar cases and 
state that there was an increase in the incidence of jaundice in cases 
m uhich sulfonamide drugs were used intraperitoneally. In the 2 
cases reported bj* Losses and Starr,-* anemia, Icucoponia, and hepatitis 
resulted from a single injection of sulfanilamide intraperitoneally. In 
the first case a fatality re.sulted. but probably not because of the effects 
of the sulfanilamide. Loelr' reports a case of severe systemic toxic 
effect produced by the intraperitoneal implantation of sulfanilamide, 
which re.sulted in severe hepatitis and marked anemia. Taylor'*' warns 
against the use of the sulfonamide drug in woxinds, particulai'ly in 
('lean wounds, and questions whether it should ever be put in the 
peritoneal cavity even though there may be contamination. ^Miercas 
ue have used .sulfonamide drugs, particularly sulfanilamide crystals, 
’m-ally in the peritoneal cavity in cases with definite contamination, 
we now believe that there is little advantage in administering sulfon- 
amide drugs in this manner and that this praetice may be actually 
detrimental. We now prefer the intravenous administration of sodium 
sulfadiazine in these cases. 

The beneficial effects of the u.so of chemotherapeutic agents in dittuse 
peritonitis in childhood are illustrated by the following figui’cs- Al- 
ford.' in reporting the cases from the Hospital for Side Ghilclren ui 
Toronto, showed that the mortality rate from appendical peritonitis 
in 1935 was 64 per cent ; in 1936. 76 per cent ; in 1937, 43 per cent; in 
1938, 40 per cent; in 1939, 21 per cent; and in 1940, there were no 
deaths. StaffoixL'^ had a mortality of 10 per cent in 489 patients with 
appendical peritonitis and absce.ss who were treated without the use 
of sulfonamide drugs, whereas in 105 in whom sulfonamide drugs weie 
used, there were 5 deaths, a mortality of 4.76 per cent. Watteiibeig 
and Heinheeker,”- reporting the cases from tlie St. Louis Children s 
Hospital, had 27 deaths in 164 ea.ses of appendical abscess and peii- 
tonitis (16.4 per cent). In a group of 46 similar cases in which 
amide drugs Avere used, there Avere 5 deaths, a mortalitj* rate of ^ • 
per cent. These same aAithor.s, in the cases of generalized peritonitis, 
had a mortality i-ate of 38.1 per cent before the use of sulfonami e 
drugs, as contrasted Avith 15.6 per cent folloAA'ing the introduction o 
sulfonamide therapy, and a mortality rate of 9.02 per cent in t le pa- 
tients Avith localized abscess aa’Iio Avei'e treated before sulfonamu e 
drugs, and no fatalities in the groAAp in Avhich sulfonamide diugs Aveie 
used. 

As previously mentioned, one is likely to give credit foi the mi 
provement in resiilts in recent years entirely to sulfonamide lUgs. 
That such is not AA'holly the case, Ave are coimnced by our oAvn senes. 
Undoubtedly, a great deal is being accomplished by the use o sup 
portHe measures, particularlj’’ the use of plasma and Avhole blooc an 
the prevention of hypoproteinemia AAnth resultant impi’OA'ement in a\ oun 
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healing, and the rapid cslal)lishinonl of water balance. Bower and 
his co-workcrs'’- " have emphasized the importance of the use of plasma 
in cases of peritonitis and recommend giving it in every case in which 
there is a perforated appendicitis. Elman and Eckert'^ have warned 
against the use of parenteral tlnids in patients who have a hypopro- 
teinemia because of the danger of producing a salt edema. In these 
cases it is particularly important to give plasma. Coller' has recently 
emphasized the danger of the indiscriminate use of saline solutions. 
In our own series, the administration of plasma and blood has undoubt- 
edly been of great value in decreasing the morbidity and tbe mortality. 

The use of decompression, either by means of an indwelling duodenal 
catheter with 'Wangensteen suction or with the double tube (Miller 
and Abbott), is of great importance, because unquestionablj* many of 
these patients die and many. of them continue to have symptoms be- 
cause of the associated ileus (Fig. 12). Probably of great value also 
in decompressing the gastrointestinal tract is the administration of 
high concentrations of oxygen, as originally suggested by Pine and 
his co-workei’S.’^ In our own series, the use of both of these thera- 
peutic measures has undoubtedly done a great deal, not only to in- 
crease the comfort of the patients with appendical peritonitis, but also 
to decrease the morbidity and mortality. 



Fig. 12. — Diagrammatic representation of the causes of death (1933 and j*’ 

appendical peritonitis excluding the moribund cases in which the patient died within 
twenty-four hours of admission. 

It is now quite generally agreed that unless there is a localized 
abscess, peritoneal drainage not only does no good, but actually may 
be harmful. The incidence of postoperative complications and residual 
infections is actually higher when peritoneal drainage is instituted in 
cases of nonlocalizing proce.sses than when peritoneal drainage has 
not been done. Gottis'” reports 97 cases of perforated appendicitis 
with frank peritonitis, of which drainage was done in 54, with a mor- 
tality of 24 per cent. In another group of 43 cases in which drainage 
Avas not done, there was a mortality rate of 9.5 per cent. Elman and^ 
Eckert'^ are of the opinion that drainage is much less ncces.sary uoa ' 
than before the use of the sulfonamide drugs. On our own scrv 




i’.i.iMiro oi' ihe jiorituiu'al cavity is never inKtitute<l nnlcss tiiorc is a 
<U'tinito. lucaliyiHl aitsecs'' or an nnreinovetl loeaH'/.('<l iieerotic area. It 
' ' fscii \t.seil in a loca!ize<l peritonitis beeansc it is our oi)iiiion that 
one cannot drain tlie ja'ritoneal (uivity jier se, awl the iutrodHCtKui 
a forcitrn liody into the jjeritotieal cavity jn-odtiees traiuiia which 
('jiiis to eatise nioro adhesions resnltiiw in possible residual intcctions 
and intestinal obstruclioJi. On the other hand, if a ddinitely 
' 'f process is eneounlered, drainage of that area caii and .should he 
done. 


E\en thoujih drainafie of the peritoneal cavity is not d<me, it is m'' 
peralive lhal drainaw of llie abdominal wall he used. Whereas we 
oritrinaliv sutured the abdominal wall in laycr.s awl inseiled a ruhhei- 
tiNsuc vivain deep to the fascia, hrinuinu it out one end of the woiiiu . 
we now em])loy the elelayed closure of the shin and suhentaucous f<d 
as advocated by t’.amhle.'-- Collor and VnlU'' awl Lec.=’'' This latte’’ 
method consists of snturin!i the peritoneum and fascia at the time <> 
tiie operation. Deep sutures arc in.scrtcd throwili the skin, dowii to 
and lhvou<?h the fnseia. hut arc left untied. The wound is packef 
' til uauzo for twenty-four to I'orty-eirfht lionr.s, after wliieh time t m 
WU-ize is I'cnioved and the ]>reviously placed sutures are tied, thus ap 
])ruxhnatiny: the skin and .snhoul ancons tissue. In this way, phlegmou^ 
of the abdominal wall and ])roures.sive infeetion can h” preventcf , 
healing by primary intent ion hein<; obtained in many instances. 

Whereas the treatment of nppendieitis i.s alw/iys immediate extirpa- 
tion ot tlio appendix as .soon as the diagno.si.s is made, there aie .sow 
ca.ses of appendical peritonitis in which the eomplieating pc’’'*^”” 
i.s of more importance than the originating appendicitis. AUhoug' 

the late A. J. Oclisncr,” who advocated the conservative tveatmen 

appendical peritonitis, .spoke of tlie coiiservative treatment of appe”* 
dicitis, he never practiced .sueli therapy, hut lie did advocate and 
lice the consei'vative treatment of appendical peritonitis. 1^^’ 
given case, there is any <juostion about rupture of the appendixD”^^'^^ 
diate operation is indicated because as previously emphasized, the o 
ircatment of acute api)cndieilis ]>cr so is appendectomy. AlsO) if^ ’ 
is any question conceiming the pre.senee of localization, nje 

indicated, because in the absence of localization, the removal e 
offending appendix can he done Avithont materially increasing t le 
and the focus from Avhich the emanating infection is tin’® jenio' 
Phe coirservative treatment of appendical peritonitis is indicatec o? 
iir those cases in Avhieh localization of the infective process has a ^ 
place. This can be determined W’ith considerable difficulty at ni 
and unless there is a definite palpable mass indicating locahza i > 
exploration is probably indicated in all cases. In some of these cas ^ 
without a definite palpable mass which are explored, and in a' ^ 
well-localized inflammatory pi'ocess is found at operation, the 
should be left undisturbed and a drain placed doAvn to the mass. 
rationale for the conserAmthm treatment of appendical peritoni is 
based upon the fact that folloAving peritoneal tranma, a '^reiit 
the peritoneum occurs Avhich tends to Avail off the traumatizing 
(Figs. 13 and 14). In the ease of bacterial peritonitis, the A\m 
off of the infected process is extremely desirable; and,^if w 
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ginning of the Availing off process and for a feiv days thereafter, the 
patient is operated niion and the protectiA’^e adhesions separating the 
focus from the rest of the peritoneal caAuty are broken doAvn Avith 
spread of the highly infeetiA'c organisms and their toxins into an un- 




Eiff. 13 — Diagrammatic representation of a clinical chart of a patient admitted 
with a ruptured appendicitis and locaiized right lower quadrant inflammatory mass 
which had been present for four days. Under conservative therapy there was prompt 
resolution of tiie inflammatory process, permitting discharge of the patient from the 
hospital on the tentli day. Patient subsequently returned for appendectomy. 



Pig. 1.1, — Diagrammatic representation of c"-"-' ' »vith ruptured 

appendicitis. Patient bad been sick two days hospitai. At 

the time of adml.'islon. tlieic was a localized ■ ■ right lower 

quadrant. Patient was treated conservatively with gradual ix'.‘=olution of the inflam- 
matory process and subsidence of clinical ninnlfestntions. He was discharged on 
the fourtcentli day to return Inter for .an appondectoni}-. 

involved portion of the peritonenl envity, tin overwhelming toxemia is 
likely to result. If, on Die other Imiiil, tlie eon.servative treatment, 
Avhicli consist.s of the witliliolding of everything hy mouth, the use of^ 
the iiulAvolling duodt'mil eatlieter.' ■'ministration of large doses 
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I-'ljr. lo, — 13i!icn'!Winmt!c roi)rc!:<'ntatlon of clinical clinrt of patient admltleii throe 
weeks after onset of syinptotns consistlnK of cliills, fever, nnii dtarrlien. On ncimis- 
sion, a larpie nontender mass was palpable in the ripht flank. Patient was treated 
conscrvativclv without a dlacnosis bcintr made, and piobably much too long. On the 
iwenly-soeonil day alxlominal exploration was done tlirougli the free peritoneal cavity. 
An aiisco.s.s wa.s opened and an appendectomy done. This resulted in c.vten.sion of 
the Infection to the uninvolted portion of tito peritoneal cavity, with generalized 
peritonitis and death, TTndoiibtedly .simple drainage of the abscess siiould have been 
done in this patient imicli earlier, wlilcli would have prevented Die tragic outcome. 
Tlio conservative treatment in tliis Instance wa.s indicated but was incorrectly ex- 
ecuted. 
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Fig. 16 . Diagrammatic representation of the value of the conservative treatment of appendical 
peritonitis as obtained by different clinicians. 
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iiinrpliiiu’. tin* tu* Ik'hI U) (/'<• ;!!<'u)infn. Fooler’s posiliuii, 

;i)u] <)!(' jHljiiiiiisIivifidii tif jiiin'iUi-r;.! llnids ;ini] is 

iustitu(v<l, of llsr < :!n of'cur '-n ili.if suhst>rjnon! 

ilriiiii.’iixc of the* .•iFsccs's I'nii bo (Joni- witlii.ui li-iuncr il lir.s 

})Ci>li Drfjm'i) jli:il f))(> coinplio.'ifsu • iioifjf ncc is liii^lii-r li'!io\, u.;; Ilio 
(‘oiisf'i'v.'ifivc F'o.'il DU'j)} of nppi’iiiJii’;'] pi'i'if oiiil Is lli.in iini'n di.ifo 

oj)(‘rnlion is <iiino. irrcspocli^o >i:' ;!)<■ iinio llio p.'ilicrit is ''Ci ii, tiiis is 
no v.'ilifl objrclioii to Jlu- (rcatno ii! i ioin our ou o , spci-ionoo '.vo ais; 
('(inviiiri'd Jhiil flu* l•oInJ)ii<•a1 io!i inoi'ifTicc is (I(‘/ini<c!_v lii-rlu'r in 11iost“ 
cnsp.s in Avliioh nppi’iiiiioal poi'ilon'iis bas iioiii <)v>.'!ii r| (‘onscrv.'ilivcly, 
bpc.iiisi' (heso patients live bmir fin i;rb lo (le\( loj) llieir eoiupliciUioiis. 
Also these eases are more (liflietilt t.> Imr.dle in that they reijnire the 
employment of keener sureiea! .imlunieni am! more eareini snjiorvision 
than any otln-r typ\- of surnieal jialient. 1' has olten beoi staled that 
no one ran <b‘termitie ^vhat is troiioj: on in the in-ritoneal eaAily, aini 
for this reason the eoii'-ervalive Irealnient of ajipendieal peritonitis is 
never justitied. Certainly if then- is no evidence of loealization. or if 
there is any question ahont whether ioeali/.alion has oecnrrcd or not, 
operation is indicated. This is partieularly true in yemna individtials 
and in older jicr-sons in \vhoni localization is not as !ikcl> to onur as 
in younp adults. If, liowever, at the time of operation a ioenlizod mass 
is found with the inflammatory process walled off, the adhesioiis siou d 
not he broken down and the appendix removed. In such an nisiance, 
a rubber ti.s.sno drain slioidd he idaeed down to the mass and the ab- 
fioniinal wall closed around it. ^Vhereas consi.lernble fortitude is re- 
tired to do nolhinfr more than this in a patient with a rujdiu-ed appen- 

it is undoubtedly life-saving in many instances. , . . . 

In the conservative treatment of 
«iive that constant supervision l)c maintained in ^ 
n-hether the process is progressing or subsiding. If 
donee of progression, incision and drainaire in sueh a 
opening an uniuvolvcd portion of the serous camty aie ‘ 

onder to prevent extension into the free 

In the cases treated conservati^el3, a ion in the remaiii- 

^Pontancously without going on abscess and in all 

nig 2o per cent it will he ncccss. j because with very few 

cases a subsequent ain^endectomy n ust 

c-^ceptions another attack of appem appendical 

The value of conservative trea m 

peritonitis is shown by Fig- 

iry and conclusions 

, in the incidence of appendical 

I- Despite an appreciable decieas ^ ,^^^^.^^^ i-emains all too fre^ 

peritonitis in the past decade, ^ emphasis both to the laity 

qnent and calls for constant anc obviate this disaster which 

nnd to the medical profession 

is, almost without exception, pi ^ administered in 90 per cent 

2. Onr statistics shoa' «>•■“ ““S“''„l,ia is imlecd deplorable. _ 
of cases of ruptured oppe”®''' - associated rvith the dovclopm 

3. Appendical rupture is ^ ‘ ^jng on mniiy co 
of one of three complications P 
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controllable factors: localized pcrilonilis, localized abscess (or, more 
corrcctlj^ walled-off inflaminaf ory jiroeess), and spreading or gener- 
alized peritonitis. 

4. Comparison of treatment and results in the yours 1933 and 1943 
indicates that therapy now employed is more effective than that used 
formerly. The use of sulfonamide drugs has been a Imon in lowering 
mortality and morbidity; cqu.nlly imporlant, however, are the use of 
relatively large amounts of blood and plasma and the routine employ- 
ment of gastrointestinal dcoompre.ssion in all eases with any possibility 
of adynamic ileus. 

5. A .statistical analy.sis is given of the various findings in the differ- 
ent types of appendical peritonitis. The pre.senco of a palpable mass 
is of con.siderable importance in the diagnosis and in governing sub- 
sequent therapy; it is indicative of walling oft and localization. Such 
cases are included in the so-eallcd “localized abscess'' group just men- 
tioned. A more acetiratc and descriptive term for this group would 
be localized inflannnatory process. 

6. A plea is made for careful study and individualization in every 
case of appendical peritonitis. In a given case wc advocate : 

(a) Immediate .surgical extirpation of the vermiform appendix in 
all cases of unruptured appendicitis. 

(b) Immediate appendectomy in all patients with ruptured appem 
dicitis in whom there is 7 iot definite and demonstrable locali- 
zation. Thus, we believe iii immediate appendectomy in the 
localized and generalized pciutonitis cases of the diffuse type. 

(e) Conservative therapy of all cases of localized inflammatory 
processes. This treatment consists essentially of obtaining 
absolute rest of the ga.slrointcstinal tract by withholding 
everything by mouth, liberal use of morphine, appliention of 
external heat to the abdomen, gastrointestinal decompression 
by indwelling duodenal catheter or Jliller- Abbott tube. In 
addition, liberal use of blood and plasma to avoid anemia an 
hypoproteinemia, sulfonamide drugs parcnterally to contro 
infection, and oxygen to aid in preventing distention, are 
important. In 75 to 80 per cent of such cases the inflamma- 
tory process will quickly i-ecedc; interval appendectomy should 
then be done at a later date. Twenty to twenty-five per cent 
will progress to localized suppuration and will require drain- 
age; great care is absolutely imperative in avoiding unin- 
volved peritoneum in such diminage. 

7. We believe the sulfonamide drugs do give an added factor of 
safety in dealing with appendical peritonitis; however, this factor 
should be used as a supplement to, rather than a replacement of, sui- 
gical judgment. Our studies convince us that localized inflammatory 
processes are best treated conservatively; there is no chemotherapeutic 
agent known which obviates the risk of a fulminating generalized 
peritonitis when immediate operation and appendectomy is practiced 
routinely on this group of patients. 
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(■Walker. .Ir.), ."I 

loiline ami thyroMlsin (lajain), lid 
Isohemii:: compression of |•xtreInlt|es, effects 
of environmental temperature on 
traumatic shock proilueeil hy (flreen 
am! licrperon), ,|in 

J 

■lejimal peillele crafts in wall of stomach, 
attempt to contlrm alleipsl inhlhltory 
e|Ye<;i on paslrle seiuetlou of (<;ro^S“ 
man ct Jil.l, r.S.I 

transplant, pe<!iele(l. onto cas'.ric wall 
tKolouch, .Ir.. et al.l, cr,7 
Jejunostoniy feedhip. synthetic iireillpesteii 
alimimt f<n" iHolianiier et al.). T.l I 
Jtjmmm. proxitnal, regional enteritis of. fol- 
lowing tr.innia (.slpcllherc am! <:rav), 

■•nn 


K 

ICh'.ney, eoncenltal malforinntiotis of. ortho- 
peiiic .surK<-r.\' for reeonslnietlf.n of 
(ejutierrex), i:;;; 

Knife, miKlllieil ealilirateil tkln-f;r.afttn); 
(Mnre.k.s). IdO 


U 


lear.\nc(>.scopes, Flacc type. practie:il eonvi r- 
sion of (Maeipiic),'), 17:1 
I.rOfr. extensive v.'irieosUles of. oriplnatinc 
from gluteal vein (rrioleau). 
veln.s. deep, ctiologj’ and preva-ntion <>f 
thron\ho.sts of (Hunter et ak). ITS 
I.e.sion.s, .acute, perforated, of stomach am! 

duodenum with dlffu.se soiling of perl- 
toiie.al cavity, ga.stric resection for 
Certain (Itisgard). ICS 
of interverteln'al di.'O.s in low liack. con- 
.‘••ervativo and oponitlvc treatment of 
(Key), c.ai 

Keucocyte.s. jiolymoridmnuolcar. In g.all Idad- 
der.s. .‘dgnllleancc of (MeKilildn and 
Melxmald). .'ll 5 

l.igatlon and retrograde injection of s:i)die- 
nous vein, .arterial .siiasai .secondary 
to (Tnnick et ak), IT." 
fenioral vein, for tliromhoplilehiti.s, disa.ster 
following; relief liy fa.seiotomy ; cllnl- 
c.al case of renal imjaiirment follow- 
ing crush injur.v (Uennls). sCl 
kung, blast injury of ((’arltmi, .Jr., et ak). 
7SR 

Jf 


IIS t/k A’cr.) 
congenital, ortlio- 
ree<instruotlon ol 


Malaria control, jiraclical, 

Malformation.s of kidnov. 

pedic surgery for 
(Gutierrez), 12'^ 

Mammillary tubercle <if last thoracic vertr 
bra, .surgical and anatomic signill 
canco of (Ka))lan), 7S 
Management, svu’gical. of varicose veins, coni 
plic.ating factor.s in (.Smitliy), .".90 
Ma.stopexy, one-.slagc; plastic surgerv in re 
con.structing enlarged breast.s (ka 
mont), 379 

Maxillo-faeial injuries, dental treatment ol 
with supplementary material on case 
.IT.. > .“"d teolmKiiie.s, 149 (/}, ) 

ilechanism. allergic pathosenic, ot thvro 
Me,lie.>i (Wiien.sky). ei 

filedical treatment of peptic ulcer refractoiT 
gjQ^dipy therapy (AVinkelsteIn et al.) 

Melanoma Of skin prmylry 'a'nd metastatic 
ptmciple or excision and dissection it 
et ak), 849 
tliermal btirni 

principle of skin 

continuity foiwVn.^1 di.ssection ir 

Microcrystalline et al.). 549 

reference ; . .I'i.'.' . ii special 

tion pattf : ’• .absorp- 

^;,-.."ompa,..on of coi„ci,^;W<:' 


M iefoe I'y -s ta 1 1 i n c — Con t’d 

trillions In iiortal vein, .systemic cir- 
culiition, and iiKrltnneal fluid (Pearce 
et ak). 3.71 

Mucosal .surfaces, exiui-sed, direct visual tech- 
tilriuc for studying ctieini<;,al and other 
injtif}- to (Koioueb. jr. ), Cll 
Muscle injufj', slinck produced Ii.v, role of in- 
fection In (Mnlmney ct al.), 807 


X 


-Vcia-c Irniml.ec.s. interruption of sympathetic: 
com)iIieating factors in .surgical man- 
agement of vnrico.se rein.s (Smitliy), 
.79(1 

Neurosurgical )iatient ; Ids prolilents of diag- 
tm.-l.s and can'. 31S (/?. Hcv.) 

Xotice.v. lie 

Niii>i‘rcalne, df.-'cti)itlon of simpllflcd tcch- 
nlriiie for, jirolongcd spin.al anesthe.sia 
(itoman-Vega and Adriant), 524 

Nur.'-lng, gynecologic, and gj'nccolog)", C40 
(/;. i;rr.) 

troplc.'ii, 149 (/k Krr.) 


O 

t'cclusion, cli'ctlve. and (‘XcI.“!on _of liorfal 
vein ( Hrun.scliwig ft al.). TSI 
Ojwratlon for ulcer, satl.sfactor.v, e.vperinientaf 
evalmitlnn of (lymnin), 712 
ga.s iiain.s following abdominal, invc.stlBa- 
tiou of ciiu.se ant] prevention of 
(Diivis and Hansen), 492 
in ca.ses of iieptic ulcer, indications for, 
from inteiiilst's (lolnt of view (Bloom- 

Operaliv!' '''and' “con.scrvatlvc 

lesions of Intcrvertchral disc.? in Ion 
b'lclv (K^*y), 

Ortiioj'edic surgery 'for recpn.striiction of con- 
genital malformations of Kidne> 
((Jutlerroz). 122 „ . ,, 

Osteoclimidriti.s, traumatic. of 

Osteoma of femur, va.spular 4i°9 

lower e.xtrcnilty due to (Kankmk 419 
Osteoinvclttls. bone regeneration following 
'iMaver.s). ir>3 


‘iiin.s, ga.s, following »'J‘lomlnal opcmtlpn In 
ve.stigation of cause and prevention 
of ami Hanson). ^5- 

'ancn*atltis. acute V 93 

ulcers (Roth 

■athogon’ic mecitanl.sm. nllcrEic. of thyrofoxl- 
cosi.s (W(ten.sk.y), fil »tomnch, 

•edicio grafts. Jejunal, in inhibitory 

attemiit to confirm olleged (Qros-s- 
effccl on gastric secretion of t^ros 
man ct til.), GS:> use of: 

edlcle-tuiic gmft and timtaluni P'®*®-, "/unr- 
plastic closure of skull defect t«a 
ris and M'oodliall). 4-- ,„„tric •wad 

edielod .lejimal transplant onto gasvr 

(Knlouch, Jr., et al.), ooj thoracis 
enicUlin, Ux-alnient , of al->' 

with, observations on (Blades tt /. 

r*72 

pptic. ulcer (Ochsnor), 770 (S) j. Jj.gni 

indications for operation in c,i.cso 

internist’s point of view (Bloomnti 

med'icifl treatment of, refractory to SipP> 
tlierapy (YVinkelstem et al.), tao 
treatment of, 151 iB. ■^®P'^,„„*ment of 
?rfor!ited duodenal ulcers, tr®ntn 

(Gralinni and lovee), i04 i _,i„num 
le.sions. acute, of stomach ond u .. 

with diffuse soiling of P®J“one.u _ 
ity, gastric resection for certal l 

irforauSn^of rectosigmoid (Kaufman et al.). 

traumatic, of colon as seen in general ho- 
pital (Colcock), 1 . , „,,ccesstul 

iricardium, foreign bod.v "4’’4v,’„A) 454 
removal of (M atts and ^00 '■ 

■ritoncal cavity, diffuse .so‘‘>"fm“n’erforated 
resTons°of Som^clf ‘and duodenum with 

rltoneiunf^)‘)revent^n of HolSook” . 

fections of (Danieli Jr. and Hot 

ritonitis, appendical (Ochsner and John 

thalyfs\°rfat!i1azole and succi^ylsulfathiazole 
• -IS /T?r»tn>. //u 
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riasm.'i of whole blooil ami electrolyte solu- 
tion, effect of treattnent with, follow- 
ing exiicrimental burn ; nietaliolic nl- 
terations followintr thcniial bums 
(IV) (Abbott). TPi 

Plastic closure of skull defect (Harris and 
Woodhall). -122 

surscrj’ In r»x:onstnictinp enlarpod bieasts 
(Lament), 27? 

Plate, tant.aluni. and pedicle-tube praft. use 
of : plastic closure of skull defc-ct 
(Harri.s and tVoodball). (22 
cranioplasty with (Hcbols and Colclouchl, 
304 


Pnoumonectomy. ciirdiov.ascular disturbanc*?s 
followinp (iseybold and Chipett), ,">35 

Polymorphonuclear Icucoc.vtes in p.all bhid- 
ders. sipnincance of (McKibbin and 
McDonald). 31? 

Polyposis of colon with c.arcinoniatous de- 
peneration. total colectomv for (tVil- 
lensky), esn 

Portal vein, elective occlusion and excision of 
(Brunschwip et ah). 751 

Postoperative pulnionarv embolism (McCart- 
ney). l?l 

thrombosis and embolism, use of dicumarol 
in prevention of. with sj'ccial reference 
to dosage and .<=afe administration 
(Barker et ah). 207 

Pouch, ga.stric. creation of, followinp tot.al 
gastrectomy (Knpel). 512 

Predigested aliment, sj-nthetic. for jejunos- 
tomy feeding (Hollander et .ah). 7.54 

Pres.sure changes, intrapleural, .and blood 
pre.ssure, .attempt to correlate ; cardio- 
vascular disturbanee.s followinp pneu- 
monectoniv (Sevbold and Clagett). 

■rw 535 

Prevention of staphylococcus infections of 
peritoneum (Daniel. Jr. and Hol- 
brook). 3? 

Proximal Jejunum, regional enteritis of. fol- 
lowing trauma (Spellberg and Gray), 

T, 343 

Psj’chosomatic factors in surgical practice 
(Shacter), 429 

Pubertal bilateral gynecomastia, treatment of 
(Buirge et ah), 397 

Pulmonary complications following appendec- 
tomy and herniorrhaphy (Hughes and 
Lambeth). 533 

embolism, postoperative (McCartney), 191 


1 


P. 

Reconstructing enlarged breasts, plastic 
.surgery In (tamont). 379 
of congenital malformations of kidney, 
orthopedic surgerv for (Gutierrez). 
122 

Rectosigmoid, perforation of (Kaufman et 
ah), 337 

Rectum, carcinoma of. urologic problems 
associated v.ith surgical treatment of 
(Lazarus), 2S4 

Regeneration, bone, following osteomyelitis 
. (Mayers). 463 

Regional enteriths of proximal jejunum fol- 
lowing trauma (Spellberg and Gray). 

Removal, succes-sful, of foreign body within 
pericardium (IVatts and Toone). 454 

Renal impairment, clinical case of, following 
crush injury ; disaster following fem- 
oral vein ligation for tlrrombophle- 
bitis ; relief bv fasciotomy (Dennis), 

_ 264 

Resection, gastric, for certain acute perfora- 
ted lesions of stomach and duodenum 
with diffuse soiling of peritoneal cav- 
ity (Bhsgard), 495 

in carcinoma of .stomach, survival after 
. (Cu.ster). 510 

Review of recent meetings, 635 


Cr ' 

•-aphenoiU; vein, arterial spasm secondary to i 
Ilzration and retrograde injection of | 

^ , (Tunick et al.). 413 

^aTrannoma, eastric ^SanguUv and Blanco), I 
22S ’ : 

S^retion. jcastric, attempt to confirm alleged ; 

inhibitory' effect on. of jejunal pedicle ; 
grafts In v.aJi of .stomach (Grossman . 

et ah), CSo 

Secretions, ga.stric, in dog and man, together 
vrith study of efr<*ct upon, experimen- 
tal production of ga.stnc ulcer in 
guinea pig.® and cat.^ caffein*^ : 

inf!uence of caiTeine on ulcer cenesis 
(J/ierendino et al-), CTjO i 


Sensation of pas stoppapo during onset of 
acute ;u>pondicitls (Keyes, Jr.), 270 
Shock produced by muscle injury, role of in- 
fection in (Mahoney ot al.). SU5 
trniiinatic. produc*.’d by isclieniic compres- 
sion of extremities. ciTocls of environ- 
mental tomp<^raturo on (Green and 
BergC'ixm). 404 

irippy lheni]>y. medical treatment of peptic 
ulcer refractory to (Winkelstein et 
a!.). CPC 

Skin, primary and m<^'ta<tatic melanoma. 

principle of excision and di.-'soction in 
continuity for (Pack et al.). S4? 
Skin-graftimr knife. modified calibrated 
(Marck.<), lO? 

Skull defect, plastic closure of (Piarris and 
Woodhall), 422 

Society of University Surge^^ns, 773-S15 
Southern Surgical As.-eciation. fifiy-sixtri an- 
nual meeting of (Lilly). 635 
Spasm, arterial, secondary* to ligation and 
rotrorrado inji-ction of saphenous 
vein (Ttinick et al. ). 413 
Spinal anesthesia, prolonged ( Roman-Vega 
and Adriani). 524 

Staphylococcus infe^.-Mons of peritoneum, pre- 
vention of (Daniel, Jr. and HolbrO'Ok ). 
39 

toxoi<l. value of. in treatment and preven- 
tion of chronic staphylococcus infC’C- 
tions (Jem et ah), 363 
Stomach and duodenum, acute perforated 
lesions of. with diiiuse soiling of j>en- 
toncal cavity, gastric resection for 
certain (RisgartI). 49? 
carcinoma of, survival after gastric resec- 
tion in (Custer), .^10 

jejunal pellicle grafts in ^-all of, attempt 
to confirm allesred inhibitory e^ect on 
pasiric secretion of (Gre-ssman et al.), 
6 S 0 V 

removal of vagus innervation of. in gas- 
troduodenal ulcer (Dragstedt and 
Schafer). 742 

Stoppage, gas. sensation of, during onset of 
acute appendicitis (Keyes. ~Jr.). 270 
Structural changes; hydronephrosis (I) (Hin- 
man), SI 6 

Subcutaneous, intravenous, and intramuscular 
routes. efScacy of heparin adminis- 
tered by, and study of effect of five 
bacteriostatic agents on heparin ac- 
tion (Walker. Jr.), 54 

Succinylsulfathi?. 2 ole and phtlialylsulfathiazole 
in surgery of colon (Poth), 77S 
Sulfatblazole, influence of local application 
of, on incidence of infections in surgi- 
cal incisions (More). 22 
niicrocrystalline, with special reference to : 
intraperitoneal absorption patterns of 
sulfonamide drtms and coniraiison of 
coincident concentrations in portal 
vein, systemic circuIa.tion. and peri- 
toneal fluid (Pearce et ai. ). 351 
Sulfonamide compounds in abdominal cavitv 
and local wounds, improved method 
for implantation of (Fox). 361 
dj-uzs, and appendicitis (Sewell). 32 

certain, and certain derivatives of ascor- 
bic acid in experimental gas gangrene 
in wounded mice (Ryan et al.), 47 
intraperitoneal absorption patterns of 
(with special reference to niicrocrvs- 
talline sulfatiiiazole) and comparison 
of coincident concentrations in I'or-* 
t^ vein, systemic circulation, and 
peritoneal fluid (Pearce et al.), 33l 
Surgery*, general, textbook of. 15G (R. /2er.) 
of colon, succinylsulfathiazole and phthalvl- 
sulfathiazole in (Potii), 773 
of deep venous thrombosis of lower ex- 
tremity* (VeaJ and Hussey). 21 S 
of warfare, cotton sutures in (Sparkman), 73 
orthopedic, for reconstruction of congenital 
nialformatioas of kidnev (Gutierrez) 

122 

plastic, in reconstructing enlarge^! brea.'^ts 
(Uamont), 379 

Surgical and anatomic significance of mam- 
millary tubercle of last t.horacic 
vertebra (Kaplan), 7S 
-Vs.-^^^iation. Soutiiem. flfty-sixth annurd 
meeting of (LUly). 635 
Western. fifty-^'roon-i annual meeting 
(Davis). 242 

incisions, influenc-.- .jf I'^cal apr'hcrit.'on of ■ 
sulfatidazolrr or. inciJ-nc-e of i.nfe-ction*’ 
in (^lorei. 22 

management of varicC'-^'e veins, com;-!' T**" 

factors in ^^.r. 


900 


SUUJKCT INDEX 


PiirRical — Cont'cl 

pnxctico, psycho«;on«iU(; factors In (Siuic* 
tor). -120 

tliorapy of tliroinboslp of (Icoi) volnf: of 
lov.’or cxtroniltioH (Fine anfl Hlnrr), 232 
Ireatniont of carcinoma of ricttim, uro- 
loyic probloins iissociatcd with (Enxa- 
rup). 2SI 

Sntaro^. cotton, In .‘.urKcry of warfare (.'tp.ark- 
nian). 7.3 

Sympathetic nerve iinpiiFcs, Interniptlon of; 

complic.atlnrr fnetors in Furftical nian- 
airement of varleosi' voln-f (Sniitliy), 
.7;i0 

Sympositim on thronil)o-emlioll>-in. I."i3-,3IT 
on nicer proi>lein, f. 11-771 

.“-.v ntlietie proilif;ef,teti ailment for jejnno.'- 
loiny fOedinK {Hollander ei al.l, 731 


Ttibereiiktiit: ahrccra of thvroid Rinnd (XCln.R- 
.<.en and Curtl.'?), .752 

U 

I’leer, Ka.stric, and cancer (Allen), 7.70 

oMwrlmenl.al production of. In ciilnea, pigs 
and c.atH with c.affoine; influence of 
caffeine on tdeer genesis (Merendino 
et nl.), ono 

Ka.«(rodiioiicnal, removal of vagus innorvn- 
thtn of ;itomacli In (Dragstedt and 
Schafer), 7 ■12 

genesis, inlliienee of caffeine on (Mercn- 
dino el a!,), C.'iO 
pejille (Ocli-sner), 770 (/.’) 

Indications for operation in cases of, from 
internisCs point of view (Bloomflcld), 
fl.')2 


Tant.'iliim plate .and podlcle-liihe graft, lice 
of ; pla.stic eto.snre of .'•Utdl defret 
(Har-ris and Woodlialll, 122 
craniopla.sty ivitlt (Eeliols and Colcloiigh), 

sot 

Temperature, efforts of environmental, on 
traismatie .slmck pnjdiiced by i.eehemte 
compression of extremities (Green 

and riergeron). till 

Tendon.s in llncer ampulation.s, treatment of, 
and deaei!i>tlon of new In'triinietit 
(Webster). 102 

Tlicrapy, Si]u>y. m' dlca! treatin' nt of peptie 
ulcer ri'fraetorv to (AViiiK'ei.slein et 
al.), fiOfi 

.surgical, of tlironiI)osi.s of deep vliis of 
lower extremllic.s (Fine and Starr). 232 
Thermal burn.s, metabolic alterations follow- 
ing (IV) (.\bbott), 701 
Thoracic vertebra, last, aurgieal and aim- 
tomio .signifleanee of niammillnry lu- 
bei'clo of (Kaidnn). 7R 
Thor.aci.s. cmpyeina, witli iienlcllliti, observa- 
tion.s on treatment of (Hlaib'.s et at.). 
.572 

Thiwnbo-cmboli.sm (roller). .Sla (E) 
problem of (do Takats and Fowler). 1.53 
sympo.sium on. 173-3J7 
TbrombojddcbUia, dl.s.a.sler following femoral 
vein ligation for; relief by farclotoiny : 
clinical case of renal Imiiairment fol- 
lowing crush Injury (Dennis). 201 
Thrornbo.sis and enibolisn). postoperative, use 
of dieimiarol In iirevcntlon of. with 
.special reference to do.s.'igc .and safe 
admini-st ration (Barker et nl.). 207 
of deep log vcin.s, etiology and prevention 
of (Hunter ct ak). 17S 
veins of lower extremities, .surgient ther- 
apy of (I'’ine and Starr). 2.72 
of lower extremity, surgery of deep veins 
(\^oal and Hussey), 21S 
Tbyroid gland, lubcrculoiis .absce.ss of (Kln.s- 
.scn and Curtis). 5.52 
Tliyroidi-sin and iodine (la.son), MO 
Thyrotoxicosis, allergic patliogenic mecli.an- 
ism of (Wilonsky), Cl 

Toxoid, .staphylococcus, value of. In Ircnt- 
ment and prevention of chronic 
statdiylococcits Infection.s (.Tern ct 
a!.). 3G3 

Transfu.sion.s and infusion.'.-, intra.sternal 
(Reich et ah). SCO 

Transplant, pedicled jejunal, onto ga.stric 
watt (Koloucli, ,Tr.. ct at.). GG7 
rrauma. regional enteritis of proximal je- 
junum following (Spellbcrg and 
Gray), 3‘13 

Traumatic cliylothorax (Floror and Ochs- 
ner), G22 

osteochondritis of patella (Cox), 93 
perforation of colon a.s seen in general hos- 
pital (Colcoek). 1 

shock produced by jsclieinlc compression of 
extremities, effects of environmental 
temperature on (Green and Ber- 
geron), 404 

treatment, conservative and operative, of le- 
PS intervertebral discs in low 
back ilCey), 291 

medicak of peptic ulcer ronactory ’ 

surgiem SP IWinkclstoin et,. akj, ^ 
surgical of carcinpma of rectiim. urolokby. 
problems asspciated witfr (La^aTSI)"^ 

T^SfcV^nuriin^fl^Ai ‘t’-It -1^61 ’ v 
Tubercle, mam^a)^^ 1 ^?', 7 ; It i. 

bra. ^last thoracic verte- 


iiiedleal treatment of. refractory to Fippy 
therapy (Winkelstein et al.), G9G 
Irealnirnl of, 1.51 (fl. J?er.) 
problems, symposinrii on, Gll-771 
provokeii by lil'.t, amine In beeswax, ovaliia- 
tion of effect upon gastric acidity and 
f.alUiri' of .‘.iicli (raiFPlants to afford 
protection against: pedlclcd jejunal 
traiispl.ant onto g.astrlc wall (Koloucli, 
.Jr., et nl.), 667 . 

niptiired duodenal, cn.se complicated t)} > 
tr.iuinatic eiiylotborax (Florcr ana 
Ofb.sner), 622 , . , 

.'■atl.sfacforj- oper.allon for, cxpcnnicntai 

evaluation of (Hannin), TH 
ricer.s, caffeine-induced, pathogcne.sis of 
(Rotli .and Ivy), Gtl 

perforated duodenal, frc.atmcnt of (Graham 

Frologic "pr.ddmm ■ .asr^aclatcd with 

trv.atmcnt of carcinoma of rectum 
{Har.ants), 2Sl 

V 

Vagus innervation of stomach in 

dcnal ulcer, removal of (Dragsui 
iind iGebnfor). 712 m cure 

Varicose veins, complleating ^ctor. In 
eal management of (Smith)), 
VnrlcosltSe.s of leg. ^135 

from gluteal vein (Frioleati), 1 
5'n.scular In.suflleicnc.v of 

to osteoma of femur (Rapaln). s 
Vein, gluteal, extensive *155 

originating from (ITiolcai ), ISo 

ligation, femoral for ‘•"if'V^j’fn^ciot'om) 
a-ster follovcing: .fpSent fo 

clinical c.aso of tapal^c"^ 

lowing rni.sb injuD' f®|"'J,^cislon c 
portal, elective occlusion and cxcis 
(Brunscliwig et af.), Gr , 

.sy.stemic vlrcul.atkm, and perlt ^ ^ 
intrnpcritoncal absorption P j-ui 

.siilfonamldo drugs i|m„"^^Ifat!ii.' 
croncQ to microcry-stallino 
r.olo) and cotnpnripon 35 

concentrations in “,J'ligt 

saplicnous. arterial spasm ,prtlon f 

tion and retrograde injection 

(TunicU ct .ak). prevention < 

Voln.s, deep leg, etiolog)’ and Ptm® ..jj 

thrombosis of (Hunter et aU. lG 

of lower extremities surgical tneniPj 

thrombosis of (Fine and 
varicose, complicating factors i 

management of (Sm^D, U ^^ore), 60 
vertebi-al, clinical anatomy of (Rorgor^)^.^Uj 
Venous tbrombo.sis. deep, of lower jj 

surgoo' of (Veal Vnatomi 

Vortobra.^last^ tbor.aoIc.^aim^^^^^^^ tribercle c 

Vortcbral^^vmns.^’ clinical anatomy of (Noi 

Virillsm^ln*^ women (HcK® 'plan 

Virus diseases in man. animal, ana 

Visual technigue, direct, ^fPro^evDOsed mucc 
cal and other injury to 
sal surfaces (Kolouch, Jr.), 

W 

5 ' ;re, siirgeiy of, cotton sutures 

„ ™vf,kir ‘If 

jWodbds, local, and orovS metiio 

amide compounds in, ??pPP?'^®, 61 
for implan * 






